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(57) Abstract: A field emission type electron source (10) is provided with a lower elec- 
trode (8) comprising a conductive layer, a high-field drift layer (6) including a drift part 
(6a) comprising oxidized or nitride porous semiconductor, and a surface electrode (7) 
comprising an Au thin film on a glass insulation substrate (1 1 ). A voltage is impressed 
so that the surface electrode (7) may be positive to the lower electrode (8), and electrons 
injected from the lower electrode (8) into the high-field drift layer (6) drift this layer (6) 
and are emitted outside through the surface electrode (7). A pn-junction semiconductor layer consisting of an n-layer (21) and a 
p-layer (22) is provided between the lower electrode (8) and the high-field drift layer (6). Thus, a leakage current is prevented from 



flowing from the lower electrode (8) to the surface electrode (7), and a power consumption is reduced. 
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3NSDOCID: <WO 0235572A1_I_> 



WO 02/35572 PCT/JP01/09423 

43 

5 1> <75 -e w: ft v \ MM<DJtm Htli mm^^M i i &Wfc.*m& tTVN^o 

i mmmm i 4 ma^am^* 1 0 -m, in 4 8 wtii*©^* 10" i 
t^jfc-r sasffcw KU7 b§P6 a u m+tiifom&nzo o 

«8 ^OlW^Bl*D**L5«EEW:l 0-2 0ViS"Cfc5. 7 
8y»J&£*V0^ 0 

mM^m 1 4 icjto&^m^y* 1 o <D&^mm^ m 4 6 fti> u^m 4 7 ^ 

20 a) <D^P«5t^ »M10' . 10" T'feSOT? 

(El 4 5 #88) s *OBtV^tt*lSt5. 

mm<njfm 1 4 -m, k y 7 6 a wsMt; $ titn&nM&ife&is v^^mx 

MUTti^o «#i B l'>!) i>i»#?Lf 

y = >-gft;j^t&5 0 

mnvmn 1 4 ^^5m« ioe, k y 7 bf& 6 a © % #nt£B 6 b t <Dm 
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V^^#» s fe5o i-fcfrfc, Ky7h*6aO+^B«MttfeJ18J:KlWi 

mmmmi 4 -era, 7, 3 7»^y =>«biitt?»ia**t"cv^. 

m^^^^ KP7b»6a OtffWfUSrfflSo i^t, J:lB*JHE4£*F&«ra5 
8 fllfctts n t) 5 ^®®H 7 ici^o -Ci/P = ^SMbWa* ft 5 *t»J8S 3 7 ^ 

ft*3, Jttt<07*ftl feMtl Ky ^ b£|$6 a CD, #$tlH$6 b 

ro»HLj£«WBro«l1L3ftA«: K y 7 MBS 6 a B t>'h£ < i~5 

(»<D^tll 5) 
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*fcfc*5^-c*ffi«Si 7 {Rubric $ atiWb Sftfc^ft*^**^ y = ^JB**e> ft £ 
7&££*Wi:> VK-^O^tefi^y =^Jid»b^5^W56 b Ky 7 MfiS6 
H ! o^^S 23b^ K!I7 M$6 a t T£fl«@ 8 £: ©Mte^J&^axfcffiJS 
A 6 a MKl^$tL^»SP6 ci^fUTV^, 

Si»«tfefWH^**tb-CV>5o T^tl8<DBlJi:«2 0 0 nmlClSSe&tU * 
tg«i£7(OJglHt»il 5nmt!lW:^$tb-CV>S 0 ft3B, £*Lfc©IWf4;i;h,fc©*: 
-fttidPS^^^StjOWfeV^ Ky 7 hJf 6<Dj?£(21. 5)um{c^^$tL, K 
y 7 hU6 aOJ?£tel. 0 nmKWLfc&tlX^Za ft&\ K V 7 hit 6 Rtf K 

1 LT^*. 

mm\^, w&<z>TiftWfc 8 ^tt&D&ffitttii 7 1 ©Mfc k y 7 hm 6 <d k y 7 v 

Sft Ufcifc&ra Ki«ESrHl JBi-tLrtT, $ Hfc^ffi«@ 7 £ rfism^ 8 
fcttfo-tZUGLV K y 7 6 a m©i^3fi«f*^ffl U m-T-flSjfefcti £n5 0 o 
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mmmm i 5 ma^atm* i o ©s^iwms m 4 6 uz.m 4 7 ^ 

a ) <D^^n«5tt. »lfHlO' , 10" <D^£ efc£0>T? 
(E]4 5#f§) „ *©PLV<>K93W3n6i-3. 



10 rnmofflb 1 5 -m x k y 7 hfp 6 a «&<k&*L;/fc#?LSC#*£Sr>' y = 

15 ynyiibli^So 

£ ^ttttJi 8i:©n icffiffiStOffc 1 2 3b tfS^fe u K y 7 

6 a <Z>*ffe*Pi: SMKtfiJI 8 £ (DW^rn 1 <75^*^S 2 3b (Cit^T^^-f- 

20 a>< u-Cs mm<Dmm 1 5 1 0 -m> k y 7 hbj 6 a <z>, #nt 

«S 6 b t ©#*5fi#» i ^mttJl 8t©M KHStigStoSS 1 0^*flc» 2 3b tf^ 

feu k y 7 b*p 6 a t &m&Ji 8 1 (omz.% 1 23b fcjt 

^XtS&K&-Hfrte-fr£^M 2 O^SMWl 2 3a ^feUTV^tf)-^ -tfS^#i£ 
-ertf5©«Jf3WA s Ky 7 hgP 6 a O^^Om^BiS^lt^T+^^/J^ < 45. 
25 Z.<Dtz.*bs Ky 7 h£B6 a£ Ky 7 bt5*^©^# Ky 7 h£&6 a« 

^T't^o Ud^ N |S|I9^9 Ky ~7 MRS 6 a <Z>Dfl**&l£tt 6 bXte#lttl?P6 c»C 
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«C 1 0 -Cii, 043 H^j-tte*0«^« 10' i H3*Ht^ «^Jfeffi*Hfe©*£ 

mm<D^m 1 5 -er^ ** 1 o^jm** 2 3 b t % 2 (wsswi 2 3a^\ k 
^©i«in/i^<t5t»mMttv^o si-sin, nm-m. 

2 3 b t , K V •? y% 6 a Kl*5tt 5 f *fflS £ Wl*® 8 £: <£> ffi i&ntfi 
Ofg 2 (D^^jf 2 3 a £ *> £ ft S Ot\ 7 St^flMtJI 8 6 

mmmm 8 ~ 1 5 m&i w\ ^®m@ 7 £ 
v ^5«^oss^'5:v ^ \jp u^fe mmmm 1 kib^e bfc t *s s 0 

^ca. yv7=«>A N ^y7r^ ^7^^^> 6^ ps?*a, ^>-^ 

(D^& T^^-V^&^&ftb bfcA i -S i^) -^yyiM KH 

/8V\ STJf ^mffigli: ttttT/v^^l^^tMvh^^^i/^ 
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mmmmi 6) 

m 1 6 a, i6Bif mmmm i 6 tca^sflmK i o <Dm%ww&mm%: 

^LTV^o Ell 7A—1 7D», 0^M3t-T5^O^Xa-CO 
l^Il 0^V^L(^^:(D^^Jt^754 I ra#:^»fM^^LTI/^'5o ^M<DMM 1 6 

^S^l StfcfcWO. OlQcm-O. 0 2 Q c mtf> (10 0) S 

Hjfe<^til 1 6 Idji^^tfH 1 o HI 4 3 

io' bm£m—x&z> 0 -ttet>%, mi sAiz.TF-t&o^ nfvyavifi 
i <D^mm±^, mb&thtz.^im^&isy =« ^s^b&s k y 7 6 1m 

KD7M6 bcDmiz/^F—z/fD&mghi/V ^>m^^tiX\^Xh^\ 

MM<omWi i 6 KfrfczmfrM loxh, 111 4 3 at/a 4 4 t^-ti&fcom-?- 
no' fcpi^tt^jRoa-cMt^jkia-t-srirds-cts. -r^tt-hs mi 8^ 

Hffiv c £TOH~*uf «fcv\, #it:^fi;j£v p s / v c %&mz.Wtfeirtu^ 
y 3 vStg 1 & &A £ tbfctt-^is K5 7M6*K!J7m nil 

9 &t*$smi 7 £ii L~c#ctfc5£tL<5 (m 1 6 jtfflfc\*$mwm 7^11 

Hl6B(OTfi^^ K !J 7 M 6 fi,i 4 5 l^f^O^ 1 1 0 ' b 
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ftfcm^ e "W: ^ W^51 IHlT?iWb'> !)=>16 4 &ji3§£®#M- J: oT^P5t 

-©t?n om k««ei p s KMirz>i&mm*nM i e^tt^ 

(=1 e/I P s) ^#V>^ifm^ffl^bW^<^5 0 ^©t^Hl 0-Cf4, 

HJ&o^lii l 6 tefrfrzm^-M l 0 tt % K D7M6 i:^ffim@7 t ©rat^ 

a 6 1^®*^ 7 1 (Dmiz.fr&.-rzw, K!)7M6«rKy7h bfwm^^tj 

U7M6 (Dmfiimcit^X 1 «fE*_L/h £ V ^ % K57M6 <£>m#M££ &W$V 
25 "*-5»*#/jN$<fc5 0 Ky 7 Mi 6 ©fiffilttJ: 9 v^, mWiWfc 

^{ttiHC^— ^&§(DffiU\ iWI16TU K5 7M6CI 
5 M ml^^^ «|^afOJi9<DfiyPtt50nm^W:^$nTV>So 
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6 <Dfflgm\0& CTlOnm-lOOn m<Ol&Wl&B3Btf£+ tttfi V \ K 'J 7 

mm<omm 1 6 ma*****^* 1 o -cr*, 7 t ©rat;: 

^ KME j p s Rxmmtt-nifc 1 e ©aBSgteStfuiwi-s - £ * s t** s c 
r. <Dtc*b, n.^nmtftmtt t^m^-tkm^^m^M^^^ % n t &x 

i/i) 3 1 0$-— 5 * ^ ms 2 ) i: © iw tcsijn-r 6 wmms. mm,m± v p 
s) m^foii9^^b^-rv^^v^^om^i 0' o^a-^i^D^-r 
15 5^ ikmm^-mm 1 e ttJMftfrfl 9 ^tstf-cw^^j; 9 vh£ < fc*. 

©mio' £: r. b &X% So 

%M<&i&& 1 6 tca^sfcrf-aii 1 0 t?t±, n.m-mm 9 #^t^> y = ^mxm 
$mmm 1 6 -era, itn^ y = 1 k*vcv^ 0 

25 y 7 M 6 Ir^L, KU 7 M 6 tt^^aAtS totfe^c Lfc/^o 
t, m*M 1 0 ©;§l4l&tliJ# U K y ^ b Ji 6 %3zW-fZ> Zbft 

X#£fc©Xfc*U3«fcV\, bfc^oT, nm&Mtfcfe, nff^y =3>£t5lc:pg^ 
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bfc^fi, Ull 6 B^*5ftS#8fe^y =»^«5 2. 6 4f4Wf*L't>aHfc->' 
J^T, HI 1 7 A~ 1 7DMLOO, El 1 6 A, 1 6 B \ZL&tnrf-ffi.l 0<D 

20 *i\ n ^ y = yife 1 <&3*® k:*— v^^tS2 &j&i$rrz>o w& n 

^>y=^*tRl<7)^*ffi±K:m7feil» (Mi^ 1. 5 Mm) (OS 1/ Y~-~?<D 
Us HI 1 7 A^-t-#5t^{l^^c4 3 raft : 'lr : f#^ 0 
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m 3 (D&m&w&mzmxiz ufc_h-e, mmmm^ 3 0 mA/ c m 2 -c— 

fei:U «8twaTOMSrl O&fc-f 5. ^Sr>y Bi'lsKiftSrisW- 
v\ ^ssi t^uf^i^y 3^14 tome 
B B a y = >m 3 <z>— tp^5o 

^y 3^»*»b3&sK"y7bJi6 3as^*tL5. w<^, Ky7b®6±tc^ 

:y ^feid^o TBf ^Blff (0« 5 0 n m) Pg 9 U017 

■CfT*>n«. »*^<O«E*W«!fi^lB"t?0. 3 L/m in (3 0 0 s c cm) 

mM^m i 6 -m, v^>M4 <Dmk&&ffl®&fkfc& <o tro 

-^y b t VXmt^V ^^m^\ ^-^r^rtS: i x 1 0 " 4 Pa^T^T^ 
fS, ^LT, Ar^f^^triP^T'O. 0 3 L/m in ( 3 0 s c c m) <D^g 
itft^rtdALT, f ^y/^OJE^I: 5 x 1 O^PalcilfSo - 

^ ^<rt»-iBtt ^ttfewsmt- iw/c Tn 2 <D-mm&mti%m£i'Xm 

*.fi*fctl£ <t <0 Km U Hi 1 7 D l^-t-«-?-8S 1 0 Sr#S. 
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<7>ftil(^ if (09*-tf, I TOM) SrBfcfcLfcaHRfciffc 

grffe&is 93^13 OfiSa8H4, 3f«ttS«*s^^StRo^^f4 % L P c V 

GS (Continuous Grain Silicon) «fe^tt«C VDS* ifSrffiWrfc <fcV\ 

ih-t^>mm<Dm^tmmm.(omm w%.&. mwt. wast, jflBMtaK** 

&vtiam t &n 5 vjaf&mMi-i i o o °c~ 6 o o "c^u^rnxm^M^-ttm x 
m-t ioo °c~ 6oo °c<Dug.wmx : m'EMi£'tfo& £ v >) r^ict $ Ms 

t 'Mc^if^tT 5 Gjpflftffl^tt l o o°c~ 6 o o °C(75j^^H-eiifi^i-tL}i 

v \ mmkmuf\-<Dj>mzMm-tz> z t m «t o > ttt&&}fem.-v&ii'gi&t£&'> y 
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5 2, 6 4^<D7fm&<omfc^&'p-te< i £K) , *fe«ffi&S[S]Jii-5 0 ##JC#^ 

wins? m 9 mm^m-t^ v $ £ nz> w&te < , ^&#«fe j w 
j^t, 119 &#f&uoo N mmmmi 6 n^s^n o srfijjs 

m l 9 (c^r-r J; 5 M % ^o^V t£> l o o^®m^l 7 K:*friSae 

m z titcm^mm 7 ^xm fairs = v * * 3 1 Kiw^a* tro $ *vc v * 5 

fcMttBS7 % 3 10^it5^i*t5^m^t5i^K'l5o ^ 
T-Ml Oj&>b&W£*bfc*^?i£3te#JB3 2 0«3te*S:3S*$*6fctt, = ^ 
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m2o izLTF-tx o ^ mmcomm i ? K^^m^m i o <Dm^mm^ mm 
xm i e \zm*ti**%rm i o t mm— mM-wmm 9 vv^vm 

io lt, mmmmi 7K&^xh. m^m^ mmmrni & tmmv) 

y 3 y)i9b^igWilVMDt% «iM8*iJl 9 t"*-i:* s ^* 
15 t^t5 0 b*>t>, Sfl(©«ll7m g®ti7«^!)=^!9a± 

-Ttui£v\, fc£U ^->y^>'II9a0^m^^y= I >'^9b j;<9^«^- 

25 (^Mil8) 

B2i ic^-r i ^ t-x i^o^tt i s ma^sm^as i o <d£*«j&^ ^ 
<dmi& i 6 Kua^am^?-* ioi atfisi— -es> § 36 s * M#^fpii 9 a*% k y 7 h 
»6_t(c^$n*:0i«>iWb^y 3vi9 c mostly a^ats c± 
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ffi«ffi7dS»2«>lMfc^y=»VlK9b±lS|Wi**b"CV^ 0 tftvy=V!9 a 
UTs mM<DJtmi Sfc&WCfc, #Ufe0^1iBl 6 ^ilO 

Vpa 9c, 9b (75#{g^^VN(DT% ttlftt^lJI 9 <D^g.%W<~t% - 

5. - ^yli9 c©*ittl OnmlutS^^ SflSVU = 

y!9 a<£>H«W:4 0 nml^^, I2»>!) =*^JK9 b CD^Cf* 1 0 

-Cttft < , KD7M6 ©J¥£iftt*©8i;4fr&: ^ia&CT5SHi£^1-*U£ £v\> 
7c U Ms V y =i yl 9 a ayftft&Wt^s V =» ^BI 9c, 9b i!) fc«WSfe& 

mm^mm 1 9 ) 

25 fc5rt s , El 1 6 A, 1 6B(^fIWH 6tata&>S«^«l 0»!l*5»t5« 
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m ^%~ t^-e^^o ^<ux, mmcojfmi 9^^51^211 oto^x 

£AT. H12 2A~2 2D^#,ILoo % ^Off^l QW^l^H 0<D 

mrnmm 1 9 -era* g$mtt»ix&> 5 n ^> y = ^st 1 i-*— - * 

0 =yi3^LPCVDSia!)MU H2 2 Afc:*H1*afe&«*fc4 , M#&& 

MMVT&mi 9tlt MHfcJSl 9<^filffte2 0nmi£l8:S£n. Mm 
20 KStffi 7 SrT&fc ^b&aiu «t «9 8£IMb* 1 9 fcBMfc U BMb* » 

a & ^ u-cfr^ri ± v ^ mmmm 1 9 twu *iwKtB-<? 5L/min <d^s-c 
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* o xmrnitm 1 9 wtsis^ m^itm 1 9 _w«®«@7 
mm<oi&mi 9 -era* BMfc&atem^*iwfcJi 1 g^y^ct^bb-c 

«j£^fto?JiiM- <fc 3 Wrfc** iJ«ifc if fcB&Jh-T 3 £ i: s&s 
15 T?#3 0 

in 2 3 K^-rx o *66©^tt 2 o \z.frfr%m=f-m 1 o m 5 

20 &&h££&i 1 mm&fci i<D-mm±\mm£frtc.mkomm$km m 

^ n ^C^II^ I T Oi* if) j&>e>J&5BEi&8 a (T£&«^) 

1B& 8 a fclft 3 «fc 5 (-7#J& $ nfc**©lHk bfc#?LSC#££ II V 'J =« vJB a> 
ft 3 K y 7 b«J 6 a K y -7 6 a (O^SrSfeS J ^ \**-7<D&W&i/V =" 

25 # bT^tt-etiSHa 8 a fc*fr|p]-r 5tt3fc<03EiE«ffi 7 £ % K V 7 bJf 6 <£>_E"CfE 
$|8 a i:^t-3^[^^^ | J^ttfci^m^S®ll^7^^ijri:^*ii^-t-5 

6 b ic^oTIH^8 a i:^-f-S^^iE?iJ$tbTV>S 0 7 dtett* 

H«C<0/h***m (0JjiLfc£ % 3^/8 £*U illg7«iil 0~1 5n 
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-fr2>^^^VN(DT% HIS 7 fclJfc^TlBy^&JSK - ^ . <£jg8Mfc 
5 So 

ei 2 3 s.Tj?m 2 4 i£tjH"J; 5 ^> mmmm 2 0 ma^a^w 1 0 a N ^® 
< («^cDiiiiir®a^^< ) -rzmummz v> 1 s a as^&LT 

V^J&fcW»aS*>5 0 

$ < Lt& So - ©tiFl 1 0 7 3*151— y K 2 8 

m^titc2^(Dy<^mW:2 5iC^*^tb•rv^§ 0 ^rb-C, 7 £: ^(©fflffl© 

^7112 5, 2 5 feOM^ #S»P1 8 atftoSELTVNS. *g$fe*P 

15 18a tt, 7 25i: OlKllc^-^E b3t®m}l 7 H:JiEttS«S(E«r 

6 a^tltl/^o ^<Dtz.*b, s<*mM2 5 £IB&8 a t 0>*&&jfc:£»&U 

20 5g^urimra^miE^^Di"^\ 5i^$ttf^^«®2 st^^-cia^s a t 

<D^^J-^-rs^i^^Lfc^®m@7Tco KU7 M&6 a ti:<W!ft*JWS 
f£/BU mW^ffl^nSo «BE%PP»0-r<5^m^2 5 £12118 a© 

/^ffe2 5 tgaj»8 a ^OF^M^ftSmjEtel 0~2 0Vgg^fc5. IB 
25 m 8 a teM«^7l2/££*K ^©ft^I^JOMiSaJJi^^^tU^y K 2 7 » 

fifc£*bTV^. ^ii2 5(i N ^^^^©^atWti^'y K2 8}d 

«<DtT0M 2 0 iZfrfcZtirfM 1 0 COS^tbf^f*. El 4 6 &V> 4 7 fcjj* 
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a) ^^^n#5t^ N flaw)tf»10' . 10" <0^fcte#Pl--T?fc5<a-C 
(HI 4 5 #&) N ^<£f¥ LI Bfl»t5. 

fctf^ #^(D^®m^7(cigm^ s ^^7SO«:l^ihi-6r:^^-e#, 5S^i^ 

in 7 i ^;*mfi 2 5 1 (Dm^mmmm 7 

SrftlRi- 5 - t 5 0 - Ofc£>, igm'mM 7 S K U 7 MS 6 a , S3j^ 8 a l£ 

25 {MMfD^m 2 1) 

®26 sot 2 7 5 mM(Dmm 2 1 i^^si^i 1 0 ^s^t* 
^«S2 5 1 ©MtiWsstJi 1 8 bAs^LTv^sjfejas*aart"«. ^s^l® 1 8 
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b n % mmwm 7 t^wm 25 1 <Dm^^Evmmmm 7 \z.mnz>mfc&ftm 
rim, if«sfc?.r^^§5 0 

(»f§2 2) 

.0 HI 2 8 ~E! 3 0 &£:7jH~«fc 5 MM(0^m 2 2 Kfrfr&ttM 1 0 ©S*M 

15 HTV^B a T i O 3 ^£>WI-£rJB^5 - ^"C^So iSjSKI 1 8 c tt, £ 

mmm 7 1 ^^mm 25 1 <&mk:#& vmmmm 7 izffih%mffi%pm~rz>T®M 
ffi,i&mmm%:mj&i<x^^o *©&©/stov^it ^^^20^111— 

a>< tt, mmmm 2 2 Ku&^sm^as 1 0 -m> #^<D^®m@ 7 di§m 

20 ««s«feh,"Ct«ds±*i-5 1 , r^SlS7 2 5 ^©rai^ts 

dHHS£iJI 18c o^dS±#-fSo Attica: v) , ^®m@ 7 fcjteh,5«8tti6SftiJ 

25 (»f!2 3) 

El 3 2 id^i-i 9 Id, HjfeOJfgfig 2 3 iC^^Sm^ 1 0 <DS/Mt/&te, HI 5 

4i^t»i^io B tmtm— xhz>o -rftfr^ #7*&iEJ:9fc5 
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?*J*mt!:2<n&Jm*ITOmfti?) *^*5S»8 a (TIB*® ^ 

sat 8 a Rim** i 5 i^M^tbfdtm^k^^fc^am^^^ y = 

KP7 b£&6 a fcRKy 7 a«lft5^K- T/O^feAfy 

<&✓«**« 2 5 ^Srffi^TVNSo /<*nM2 514. K P 7 h SB 6 a RtWMI ft 6 

^) A^ftffl*^ mmmM7<Dmm&i o~i snmi: 

D32 —HI 3 4 ms%"f J: 5 l-s - <*>**« 1 0 (4, K y ^ hU 6 a tfS|tt#tic|fc 
5 (/^2 5lcma6c) <z>5£«S:«5^J!Mil 8&WLttt>frX^Z&\z. 

mn<Di&n 2 3 -m, 7 ^j?^^, k y 7 mb e a «: k y 7 b-r^m?- 
20 us (Dm&mk^mzz. t % *-o^®«@ 7 2 5 1 

::t'il 8<DtfPtk LT^J^btvO^riN MH8©W(i 

25 nm&mm 2 3 ku&^s*^ 1 0 -m> m 5 4 i^r^^ot^i 10" t 
mmk^ %m<Dfma a ^^mo*35«ti7 borate Ky 7 mbs a a^n-c 

v^©-?. /^m^2 5 ££M18 a fc©*aSr3il:3WiU W*Ufc*&Mfc:*E«: 
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8 a fc<DM^PP*H*H5«ffiW:l 0-2 0Vggtfc5. 6B«&8 a tt$gflM*K:?g 

mm^m 2 3 m^si^s 1 0 tf>g*»fi^ ea 4 6 fcv* u*b 4 7 ^ 
m-T-«ioics3tt5« ; ?-©a[ffias*vNUH:Ky7ha6 (Ky^s&e 

a ) (D^niSt, fl6*©ifI10' , 10" Oi^ilSI^-t'feSWT' 
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(54) FIELD EMISSION TYPE ELECTRON SOURCE 

(57) In a field emission-type electron source (10), 
lower electrodes (8) made of an electroconductive layer, 
a strong field drift layer (6) including drift portions (6a) 
made of an oxidized or nitrided porous semiconductor, 
and surface electrodes (7) made of a metal layer are 
provided on an upper side of a dielectric substrate (11) 
made of glass. When voltage is applied to cause the sur- 
face electrodes (7) to be anodic with respect to the lower 
electrodes (8), electrons injected from the lower elec- 



trodes (8) to the strong field drift layer (6) are led to drift 
through the strong field drift layer (6) and are emitted 
outside through the surface electrodes (7) . A pn-junction 
semiconductor layer composed of an n-layer (21 ) and a 
p-layer (22) is provided between the lower electrode (8) 
and the strong field drift layer (6) to prevent a leakage 
current from flowing to the surface electrode (7) from the 
lower electrode (8), thereby reducing amount of power 
consumption. 




Printed by Jouve, 75001 PARIS (FR) 



NSDOCID: <EP 1329926A1_I_> 



1 



EP 1 329 926 A1 



2 



D scription 

TECHNICAL FIELD 

[0001] The present invention relates to a field emis- 
sion-type electron source arranged to emit an electron 
beam by using a semiconductor material according to 
field emission. 

BACKGROUND ART 

[0002] Conventionally, as a field emission-type elec- 
tron source (which hereinbelow may be shortly referred 
to as an "electron source"), there is known a Spindt-type 
electrode disclosed in, for example, U.S. Patent No. 
3,665,241. The Spindt-type electrode includes a sub- 
strate and gate layers, in which a large number of trig- 
onal-pyramid-shaped emitter chips are arranged on the 
substrate, and the gate layers are insulated from one* 
way emitter chips that have emission openings provided 
to expose end portions of the emitter chips. In the 
Spindt-type electrode, when a high voltage is applied in 
a vacuum to cause the emitter chips to be cathodic with 
respect to the gate layer, electron beams are emitted 
from the apexes of the emitter chips through the emis- 
sion openings. 

[0003] For the Spindt-type electrode, however, a 
manufacturing process is complicated, and it is difficult 
to manufacture a targe number of the trigonal-pyramid- 
shaped emitter chips at high precision. As such, a prob- 
lem arises in that it is difficult to implement area enlarge- 
ment when the electrode is used for, for example, a flat 
emitting device and display. Moreover, in the Spindt- 
type electrode, since fields concentrate at the apex of 
the emitter chip, when a residual gas exists because the 
degree of a vacuum around the apex of the emitter chip 
is low, the residual gas is ionized by emitted electrons 
to be of anodic ion. Since the anodic ions impinge on 
the apex of the emitter chip, the apex of the emitter chip 
suffers damage (such as ion-impact-caused damage). 
For this reason, defects can easily occur to an extent 
that electron properties, such as the current density and 
emission efficiency, become unstable, and hence the 
service life of the emitter chip is reduced. To prevent the 
defects, the Spindt-type electrode needs to be used in 
a high vacuum (in a range of 10* 5 Pa to 10* 6 Pa). This 
arises problems, however, in thai costs are increased, 
and in addition, handling becomes difficult. 
[0004] For eliminating the defects described above to 
implement improvement, an electron source of a MIM 
(metal insulator metal) type and an electron source of a 
MOS (metal oxide semiconductor) type have been pro- 
posed. The former is a flat electron source that has a 
(metal)-(insulator film)-(metal) multilayered structure, 
and the latter is a flat electron source that has a (metal) 
-(oxide)-(film semiconductor) multilayered structure. To 
improve the emission efficiency (to cause many el c- 
trons to emit) in either of the electron sources of the 



aforementioned types, the film thickness of the film such 
as the insulator film or the oxygen film needs to be re- 
duced. However, with the insulator film or the oxygen 
film of which the thickness is excessively reduced, when 

s voltage is applied between upper and lower electrodes 
in the multilayered structure, dielectric breakdown can 
occur. Since the electrical breakdown needs to be pre- 
vented, the reduction in the insulating film or the oxygen 
film is limited. As such, a problem arises in that the elec- 

10 tron emission efficiency (induction efficiency) cannot be 
increased so high. 

[0005] Recently, as is disclosed in Japanese Unex- 
amined Patent Application Publication No. 8-250766, an 
electron source (cold electron emission semiconductor 

15 device) has been proposed. The electron source is con- 
figured such that a monocrystalline semiconductor sub- 
strate such as a silicon substrate is used, a surface of 
the semiconductor substrate is anodic-oxidized, a po- 
rous semiconductor layer (porous silicon layer) is there- 
to by formed, and a thin metal film is formed on the porous 
semiconductor layer. In the electron source, voltage is 
applied between the semiconductor substrate and the 
thin metal film to cause electrons to emit. 
[0006] However, in the electron source proposed in 

25 Japanese Unexamined Patent Application Publication 
No. 8-250766, since the substrate is limited to be of a 
semiconductor, a problem arises in that it is difficult to 
implementthe area enlargement and the cost reduction. 
In addition, a so-called popping phenomenon tends to 

30 occur in electron emission, and hence nonuniformity 
tends to occur in light emission. As such, in a state 
where the electron source is used with, for example, a 
flat emitting device or display, light-emission nonuni- 
formity can occur. 

35 [0007] In view of the above, with Japanese Patent Ap- 
plications No. 1 0-272340 and No. 1 0-272342, the inven- 
tors proposed an electron source configured such that, 
a porous polycrystalline semiconductor layer (such as 
a porous polycrystalline silicon layer) is interposed be- 

40 tween an electroconductive substrate and a thin metal 
film (surface electrode) by performing, for example, rap- 
id thermal oxidation at 900°C according to a rapid ther- 
mal oxidation (RTO) technique; and thereby, a strong 
field drift layer (which hereinbelow will be referred to as 

45 a "drift layer) in which electrons injected from the elec- 
troconductive substrate drift is formed. 
[0008] As shown in Fig. 43, in an electron source 10' 
of the aforementioned type, a drift layer 6 is formed on 
a main surface of an n-type silicon substrate 1 , which is 

so an electroconductive substrate, in which the drift layer 
6 is formed of an oxidized porous polycrystalline silicon 
layer. A surface electrode 7 made of a thin metal film is 
formed on the drift layer 6. An ohmic electrode 2 is 
formed on a reverse surface of the n-typ silicon sub- 

55 strate 1 . Th thickness of the drift layer 6 is, for example, 
1.5 um 

[0009] As shown in Fig. 44, in th electron source 1 0', 
the surface electrode 7 is disposed to be exposed to a 
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vacuum. A collector electrode 12 is disposed to oppose 
the surface electrode 7. In the configuration, a direct- 
current voltage Vps is applied to cause the surface elec- 
trode 7 to be anodic with respect to the n-type silicon 
substrate 1 (ohmic electrode 2). In addition, a direct-cur- 
rent voltage Vc is applied to cause the collector elec- 
trode 12 to be anodic with respect to the surface elec- 
trode 7. Thereby, electrons injected from the n-type sil- 
icon substrate 1 into the drift layer 6 are caused to drift, 
and are discharged through the surface electrode 7 
(each of single-dotted chain lines in Fig. 44 shows the 
flow of an electron e - emitted through the surface elec- 
trode 7). As such, a material having a small work func- 
tion is preferably used for the surface electrode 7. A cur- 
rent flowing between the surface electrode 7 and the 
ohmic electrode 2 is generally called a diode current Ips, 
and a current flowing between the collector electrode 1 2 
and the surface electrode 7 is generally called an emit- 
ted electron current le. The greater the emitted electron 
current le with respect to the diode current Ips (le/lps), 
the higher the electron emission efficiency. In the elec- 
tron source 1 0', electrons can be emitted even when the 
direct-current voltage Vps to be applied between the 
surface electrode 7 and the ohmic electrode 2 is in a low 
range of from 1 0 to 20 V. 

[0010] The electron source 10' enables electrons to 
be stably emitted at high electron emission efficiency 
without causing popping phenomenon since it has a less 
dependency to the degree of vacuum as an electron 
emission property. 

[0011] As shown in Fig. 45, the drift layer 6 includes 
at least grain 51 (semiconductor crystal) made of colum- 
ner polycrystalline silicon disposed on the main surface 
of the n-type silicon substrate 1 ; a thin silicon oxide film 
52 formed on a surface of the grain 51 ; fine silicon crystal 
63 on the order of nanometer that is interposed between 
items of the grain 51 ; and a silicon oxide film 64 provided 
as an insulator film that is formed on a surface of the 
fine silicon crystal 63 and that has a thickness smaller 
than a crystal grain diameter of the fine silicon crystal 
63. That is, in the drift layer 6, the surface of each item 
of the grain 51 becomes porous, and a crystal condition 
is maintained in a central portion of each item of the 
grain 51 . As such, most part of the field applied to the 
drift layer 6 is exerted on the silicon oxide film 64. Hence, 
the injected electrons are accelerated by a strong field 
applied on the silicon oxide film 64, and is caused there- 
by to drift between items of the grain 51 toward the sur- 
face as shown by an arrow A. Thereby, the electron 
emission efficiency can be improved. Electrons reached 
the surface of the drift layer 6 are hot electrons that eas- 
ily pass through the surface electrode 7 and that are 
emitted in a vacuum. The film thickness of the surface 
electrode 7 is set in a range of from 1 0 to 1 5 nm. 
[0012] Instead of the semiconductor substrate such 
as the n-type silicon substrate 1 as the electroconduc- 
tive substrate, a substrate formed such that a lower elec- 
trode made of a conductive layer (such as a thin metal 



film) is formed on a dielectric substrate such as a glass 
substrate can be used. Thereby, further electron-source 
area enlargement and cost reduction can be implement- 
ed. 

5 [0013] Fig. 46 shows an electron source 1 0" using an 
electroconductive substrate formed of a dielectric sub- 
strate 11 made of a glass substrate, and a lower elec- 
trode 8 formed on a main surface of the dielectric sub- 
strate 11. As shown in Fig. 46, in the electron source 

10 1 0", the lower electrode 8 made of the conductive layer 
is formed on the main surface of the dielectric substrate 
11 . A drift layer 6 is formed on the lower electrode 8. A 
surface electrode 7 made of a thin metal film is formed 
on the drift layer 6. The drift layer 6 is formed such that, 

15 after an undoped polycrystalline silicon layer is overlaid 
on the lower electrode 8, the polycrystalline silicon layer 
is processed porous according to an anodic oxidation 
treatment, and is then oxidized or nitrided according to, 
for example, a rapid thermal technique performed at 

20 900° C. 

[0014] As shown in Fig. 47, in substantially the same 
manner as that in the electron source 10' (refer to Fig. 
44), in the electron source 10", a surface electrode 7 is 
disposed to be exposed to a vacuum, and a collector 
25 electrode 12 is disposed to oppose the surface elec- 
trode 7. In addition, in substantially the same way as in 
the electron source 10', direct-current voltages Vps and 
Vc are applied, electrons injected from the lower elec- 
trode 8 into the drift layer 6 are caused to drift in the drift 
30 layer 6, and are emitted through the surface electrode 
7. Also in the electron source 1 0", electrons can be emit- 
ted even when the direct-current voltage Vps, which is 
applied between the surface electrode 7 and the lower 
electrode 8, is in a low range of from 1 0 to 20 V. 
35 [0015] As shown in Fig. 48, the electron source 
1 0" can be used as a display-dedicated electron source. 
In the display shown in Fig. 48, a glass substrate 14 is 
disposed to oppose the electron source 1 0". On a sur- 
face of the glass substrate 14, which opposes the elec- 
40 tron source 1 0", a collector electrode 1 2 and a phosphor 
layer 15 are provided. The phosphor layer 15 is coated 
on a surface of the collector electrode 1 2 to emit visible 
light according to electrons emitted from the electron 
source 10". The glass substrate 14 is spaced with a 
45 spacer (not shown) from the electron source 1 0". A her- 
metic space formed between the glass substrate 1 4 and 
the electron source 10" is set to a vacuum state. 
[0016] The electron source 10" used in the display 
shown in Fig. 48 includes a dielectric substrate 11 made 
50 of a glass substrate; a plurality of lower electrodes 8 ar- 
ranged on a main surface of the dielectric substrate 11 ; 
a drift layer 6 including a plurality of drift portions 6a in- 
dividually made of an oxidized porous polycrystalline sil- 
icon layer in such a manner as to overlap the lower elec- 
55 trodes 8, and a plurality of isolating portions 6b that are 
formed of a polycrystalline silicon layer and that individ- 
ually fill up spaces between the drift portions 6a; and a 
plurality of surface electrodes 7 arranged on the drift lay- 
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er 6 in such a manner as to cross the drift portions 6a 
and the isolating portions 6b in the direction intersecting 
with the lower electrodes 8. 

[0017] In the electron source 10", the drift portions 6a 
of the drift layer 6 are sandwiched between the plurality 
of lower electrodes 8 and the plurality of surface elec- 
trodes 7. As such, when an associated set of the surface 
electrode 7 and the lower electrode 8 is desirably se- 
lected, and voltage is applied into the selected couple, 
a strong field is applied to the drift portion 6a in the po- 
sition corresponding to the intersection of the selected 
surface electrode 7 and lower electrode 8, and electrons 
are thereby emitted. Specifically, as in a case where 
electron sources are individually disposed at intersec- 
tions in a check pattern formed of the surface electrodes 
7 and the lower electrodes 8, an associated set of the 
surface electrode 7 and the lower electrode 8 is select- 
ed, and thereby, electrons can be emitted from a desired 
intersection. The voltage to be applied between the sur- 
face electrode 7 and the lower electrode 8 is set to a 
range of from 1 0 to 20 V. 

[0018] In the electron source 10" used in the display 
shown in Fig. 48, an undoped polycrystaliine silicon lay- 
er is made porous in depth up to a portion reaching the 
lower electrode 8. 

[0019] However, as shown in Fig. 49 : the polycrystal- 
iine silicon layer may be made porous in depth up to a 
portion not reaching the lower electrode 8. In this case, 
an undoped polycrystaliine silicon layer 3 is interposed 
between the lower electrode 8 and the drift portion 6a. 
[0020] The electron source 10" used in the display 
shown in Fig. 48 has a so-called a passive matrix struc- 
ture in which the surface electrodes 7 and the lower 
electrodes 8 mutually opposes in a matrix so as to sand- 
wich the drift layer 6. 

[0021] As shown in Fig. 50, the drift portions 6a are 
assumed to be resistors R. In this case, among the plu- 
rality of surface electrodes 7, those selected are as- 
sumed to be set to an H level, and those unselected are 
assumed to be set to an L level. On the other hand, 
among the plurality of lower electrodes 8, those selected 
are assumed to be set to an L level, and those unselect- 
ed are assumed to be set to an H level. In this case, as 
shown by a single-dotted chain line in Fig. 50, a current 
11 is led to flow through a passageway (surface elec- 
trode 7 at the H level)-(resistor R)-(lower electrode 8 at 
the L level). However, in the electron source in which 
the drift portions 6a are made of resistors R, many pas- 
sageways exist that pass leakage current flowing re- 
versely to the lower electrodes 8 at the H level to the 
surface electrodes 7 at the L level. As such, the current 
flows even to the unselected intersections in the check 
pattern, thereby increasing the power consumption. 
[0022] However, resistors are not used for the drift 
portions 6a in the electron source 10" shown in Fig. 48, 
which has the passive matrix structure. In the electron 
source 1 0", the overlapped portions of the surface elec- 
trodes 7 and the drift portions 6a are individually used 



as electron sources. Suppose the direction along which 
current flows from the surface electrode 7 to the lower 
electrode 8 in each of the electron sources is a forward 
direction. In this case, a current-voltage property is of a 
5 nonlinear type between the surface electrode 7 and the 
lower electrode 8 in each of the electron sources. Ac- 
cordingly, leakage current is reduced less than that in 
the case where the drift portion 6a is assumed to be the 
resistor R. However, to implement the area enlargement 
10 of the electron source 10", the total amount of leakage 
current cannot be neglected. Thus, problems arise in 
that reduction in power consumption and improvement 
in electron emission efficiency are hindered. 
[0023] As shown in Fig . 51 , the above-described leak- 
15 age-current flow can be prevented if the configuration is 
made such that a diode D having the anode on the side 
of the surface electrode 7 and the cathode on the side 
of the lower electrode 8 is formed between each of the 
surface electrodes 7 and lower electrodes 8. However, 
20 the diode D is not formed between the surface electrode 
7 and the lower electrode 8 in each of the electron sourc- 
es of the electron source 1 0" shown in Fig. 48. This aris- 
es problems in that, as shown by a double-dotted chain 
line in Fig. 51 , leakage current flows from the lower elec- 
ts trode 8 at the H level to the surface electrode 7 at the L 
level, thereby making it difficult to reduce the powercon- 
sumption and to improve the electron emission efficien- 
cy. 

[0024] Fig. 56 is a graph representing the relationship 
30 between voltage and current in cases where a forward 
voltage and a backward voltage are applied. As shown 
in Fig. 56, even in the conventional electron source, a 
rectification property can be obtained to a certain extent 
in the forward current and the backward current. How- 
35 ever, with the rectification property at the illustrated lev- 
els, it is still difficult to sufficiently minimize the leakage 
current. 

[0025] As a means to solve these problems, it can be 
considered that the electron source is configured as 

40 shown in Fig. 52. Specifically, an n-type polycrystaliine 
silicon region 41 is formed on the side of a surface of an 
undoped polycrystaliine silicon layer 3 to be spaced 
away from a drift portion 6a. In addition, a p-type poly- 
crystaliine silicon region 42 is formed on the side of a 

45 surface in the n-type polycrystaliine silicon region 41 . A 
surface electrode 7 is formed in such a manner as to 
cross the drift portion 6a and a part of the n-type poly- 
crystaliine silicon region 41 . In addition, a dummy sur- 
face electrode 1 7 is provided on the p-type polycrystal- 

so line silicon region 42 to add a rectification property to 
the current-voltage property in a portion between the 
dummy surface electrode 1 7 and the lower electrode 8. 
[0026] In the electron source shown in Fig. 52, how- 
ever, the n-type polycrystaliine silicon region 41 and the 

55 p-type polycrystaliine silicon region 42 need to be pro- 
vided to be spaced away from the drift portion 6a; and 
in addition, the dummy surface electrode 17 needs to 
be provided to be spaced away from the surfac elec- 
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trode 7. There arise problems in that a per-unit-area 
electron emitting area is reduced with a passive matrix 
structure being employed. 

[0027] In addition, in the electron source 10" shown 
in Fig. 48, in which patterning is performed for the drift 
portions 6a are patterned, the field intensity of a portion 
of the drift portion 6a in the vicinity of a boundary to the 
isolating portion 6b is higher than the field intensity of a 
central portion of the drift portion 6a. Accordingly, the 
per-unit-area electron emission amount in the afore- 
mentioned vicinity of the boundary is greater than the 
per-unit-area electron emission amount in the central 
portion of the drift portion 6a. This arises a problem in 
that electrons are excessively emitted through the afore- 
mentioned vicinity of the boundary. 
[0028] Moreover, since the field intensity in the afore- 
mentioned vicinity of the boundary high, a case can oc- 
cur in which dielectric breakdown occurs in the drift por- 
tion 6a (the drift portion 6a deteriorates) in the afore- 
mentioned vicinity of the boundary, and hence exces- 
sive current locally flows between the lower electrode 8 
and the surface electrode 7. Because of the flow of ex- 
cessive current, problems are caused in that local heat- 
ing occurs in the surface electrode 7, which is formed of 
the electroconductive thin film, and/or the lower elec- 
trode 8 (conductive layer); and hence the level of dete- 
rioration in, for example, the surface electrode 7 and the 
drift portion 6a is increased. The field intensity in the 
aforementioned vicinity of the boundary becomes high- 
er than the field intensity in the central portion of the drift 
portion 6a for the reason that the porosity or the extent 
of oxidation or nitrization is different in the central portion 
and the aforementioned of the drift layer 6. 
[0029] In the electron source 10' or 10" shown in Fig. 
43 or 46, electron emission properties thereof include a 
less dependency to the degree of vacuum, no popping 
phenomenon occurs in electron emission, and electrons 
can be stably emitted at high electron emission efficien- 
cy. Nevertheless, however, in the electron source 1 0* or 
10", the diode current Ips gradually varies as time pass- 
es as shown by a graph P in Fig. 53, and the emitted 
electron current le gradually varies as time passes as 
shown by a graph Q in the same figure. Specifically, 
since the diode current Ips gradually increases, and the 
emitted electron current le gradually decreases, the 
electron emission efficiency gradually decreases. In this 
case, efforts can be exerted to inhibit the gradual reduc- 
tion; however, it involves the problem of increasing the 
power consumption. 

[0030] These problems are considered to occur for 
the following reasons. In the electron source 10' or 1 0", 
since the drift layer 6 is formed according to the oxida- 
tion of the porous poiycrystalline silicon layer, it is diffi- 
cult to form the silicon oxide films 52 and 64 (refer to 
Fig. 45) uniformed in quality and thicknesses for the en- 
tirety of the drift layer 6. In addition, in the drift layer 6, 
in comparison between the total film thickness of the sil- 
icon oxide films 64 in the region where the fine silicon 



crystal 63 is formed and the thickness of the silicon oxide 
film 52 in a portion where the grain 51 remains, the sil- 
icon oxide film 52 tends to be thinner. As such, when a 
driving voltage (direct-current voltage Vps) is applied to 

5 the electron source 1 0' or 1 0", and the diode current Ips 
is thereby applied to flow therethrough, dielectric break- 
down gradually occurs in, for example, portions where 
the film thicknesses are insufficient, defective portions, 
and portions including a large amount of impurity in the 

10 silicon oxide film 52 or the silicon oxide film 64 or both 
the silicon oxide film 52 and silicon oxide film 64. In a 
portion where dielectric breakdown has occurred, the 
resistance values of the silicon oxide films 52 and 64 
are reduced, whereas the diode current Ips gradually 

15 increases. On the other hand, current contributing to 
electron emission decreases, and the emitted electron 
current le gradually decreases. 

[0031] For the above reasons, when the electron 
source 10' or 10" is used with, for example, a display, 
20 because of dielectric breakdown occurring in the silicon 
oxide films 52 and 64, problems are caused in that the 
power consumption and the heating value are gradually 
increase, thereby causing the luminance to gradually 
decrease. 

25 [0032] The electron source 1 0" shown in Fig. 46 or 49 
can be used as a display-dedicated electron source 
shown in Fig. 54. The electron source 10" shown in Fig. 
54 includes a dielectric substrate 11 made of a glass 
substrate; a plurality of wirings 8a (lower electrodes 8) 

30 arranged on a main surface of the dielectric substrate 
1 1 ; a drift layer 6 including a plurality of drift portions 6a 
formed of an oxidized porous poiycrystalline silicon lay- 
er in such a manner as to overlap the wirings 8a, and 
isolating portions 6b that are formed of a poiycrystalline 

35 silicon layer and that individually fill up spaces between 
the drift portions 6a; a plurality of surface electrodes 7 
that individually oppose the wirings 8a via the drift por- 
tions 6a; and a plurality of bus electrodes 25 commonly 
coupling the plurality of surface electrode 7, which are 

40 arranged in the direction intersecting with the wirings 8a , 
in units of each row on the drift layer 6. The bus elec- 
trodes 25 are arranged in such a manner as to cross the 
drift portions 6a and the isolating portions 6b in the di- 
rection intersecting with the wirings 8a. 

45 [0033] In substantially the same manner as that in the 
electron source 10° shown in Fig. 48, in the electron 
source 1 0", when an associated set of the bus electrode 
25 and the wiring 8a is selected, electrons can be emit- 
ted from a desired intersection. The wiring 8a is formed 

so as a stripe having two end portions in a longitudinal di- 
rection on which pads 27 are individually formed. The 
bus electrode 25 is connected to pads 28 through the 
individual pads 27. 

[0034] However, in the electron source 10" shown in 
55 Fig. 54, when an overcurrent flows between the bus 
electrode 25 and the surface electrode 7, for example, 
cases can occur in which electrons excessively are 
emitted from the drift portion 6a corresponding to the 
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selected intersection, and dielectric breakdown occurs 
with the intersection corresponding to the selected in- 
tersection , thereby causing a short-circuit current to flow 
between the wiring 8a and the surface electrode 7. This 
arises problems in that the temperature increases in the 
drift portion 6a, and the surface electrode 7, and the wir- 
ing 8a; and the deterioration continues for the overall 
electron source, thereby reducing the reliability thereof. 
That is, problems occur in that deterioration is intro- 
duced not only to the drift portion 6a, the surface elec- 
trode 7, and/or the wiring 8a that correspond to the se- 
lected intersection, but also to the drift portion 6a, the 
surface electrode 7, and/or the wiring 8a that corre- 
spond to an unselected intersection. In addition, since 
excessive electrons are emitted from the drift portion 6a 
that caused the dielectric breakdown, when the electron 
source is used with a display, the luminance of a specific 
pixel abnormally increases, intrascreen nonuniformity in 
luminance increases. 

[0035] The electron source 10" or the display, which 
is shown in Fig. 54, includes a faceplate that is made of 
a glass substrate and that is disposed opposite to the 
electron source 10". 

[0036] As shown in Fig. 55, pixels 31 are provided in 
units of the individual surface electrodes 7 of the elec- 
tron source 1 0". Three phosphor cells 32a, 32b, and 32c 
corresponding to the three primitive colors of R, G, and 
B are coated and formed in each of the pixels 31 . The 
individual pixels 31 andthephosphorcells32a,32b,and 
32c in each of the pixels 31 are individually isolated by 
isolating layers 33 formed of a black pattern called a 
black stripe. 

• [0037] In substantially the same manner as that in the 
electron source 10" shown in Fig. 48, in the electron 
source 10" shown in Fig. 54, the per-unit-area electron 
emission amount in the vicinity of a boundary to the iso- 
lating portion 6b is greater than the per-unit-area elec- 
tron emission amount in a central portion of the drift por- 
tion 6a in the direction along which the wiring 8a ex- 
tends; hence electrons are excessively emitted through 
the aforementioned vicinity of the boundary. As such, 
when the configuration is made such that the distance 
between the pixels 31 is reduced, and the size (area) of 
the pixel 31 is reduced, bleeding occurs in the individual 
pixels 31 . This makes it difficult to implement high pre- 
cision display. 

DISCLOSURE OF INVENTION 

[0038] The present invention is made to solve the 
above-described problems, and an object thereof is to 
provide an electron source (field emission-type electron 
source) that enables a power-consumption reduction to 
be implemented without reducing a per-unit-area field 
emission area in comparison to the conventional cases. 
Another object is to provide an lectron source that en- 
ables the prevention of emission of excessiv electrons. 
Still another object is to provide an electron source that 



has a high ageing stability as an electron emission prop- 
erty. Yet another object is to provide a high-reliability 
electron source that can be used as an electron source 
in a high-precision display. 
5 [0039] An electron source (field emission-type elec- 
tron source) is characterized by including a substrate, 
an electroconductive layer formed on a surface of the 
substrate, a semiconductor layer formed on the electro- 
conductive layer, a strong field drift layer including a drift 
10 portion that is made of an oxidized or nitrided porous 
semiconductor layer and that is formed on the side of 
the surface of the semiconductor layer, and a surface 
electrode formed on the strong field drift layer, wherein 
when voltage is applied to cause the surface electrode 
15 to be anodic with respect to the electroconductive layer, 
electrons injected from the electroconductive layer to 
the strong field drift layer drift through the strong field 
drift layer, and are emitted through the surface elec- 
trodes; wherein a current restraining member for re- 
20 straining a current that does not contribute for emission 
of a current flowing through the drift portion is provided 
in at least one of the electroconductive layer, the surface 
electrode, a portion between the electroconductive layer 
and the drift portions, and a portion between the surface 
25 electrode and the drift portion. 

[0040] According to a first aspect of the present inven- 
tion, the current restraining member is a leakage-current 
preventing member for preventing a current from leak- 
ing into the surface electrode from the electroconductive 
30 layer, thereby reducing the amount of power consump- 
tion. In this case, a leakage-current flow can be prevent- 
ed, and a reduction in power consumption can be im- 
plemented without reducing the per-unit-area field emis- 
sion area in comparison to the conventional cases. 
35 [0041] In the electron source, the leakage-current 
preventing member is preferably a semiconductor layer 
including a pn junction. In this case, the pn junction is 
used to enable the leakage-current flow to be prevented . 
[0042] The leakage-current preventing member may 
40 be a semiconductor layer including an n-layer on the 
side of the electroconductive layer and a p-layer on the 
side of the surface electrode. In this case, a rectification 
property of a pn junction of the semiconductor layer in- 
cluding the n-layer and the p-layer to enable the leak- 
45 age-current flow to be prevented. 

[0043] In a case where the leakage-current prevent- 
ing member is the semiconductor layer including the n- 
layer on the side of the electroconductive layer and the 
p-layer on the side of the surface electrode, a low-con- 
so centration semiconductor layer may be formed between 
the p-layer and the drift portion. In this case, a rectifica- 
tion property of a pn junction of the semiconductor layer 
including the n-layer and the p-layer to enable the leak- 
age-current flow to be prevented. In addition, according 
55 to the low-concentration semiconductor layer, the sem- 
iconductor layer including the n-layer and the p-layer 
and drift portion can be spatially isolated, and the drift 
portion can be formed without being influenced by the 
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semiconductor layer. 

[0044] I n the electron source, in a case where the sub- 
strate is a semiconductor substrate, the electroconduc- 
tive layer preferably includes an n-layer on the side of 
the substrate and a p-layer on the side of the surface 
electrode. In this case, since the electroconductive layer 
can formed using an ordinary silicon process, and the 
patter precision of the electroconductive layer can be 
improved, the display precision can be easily improved. 
[0045] An i-layer may be provided between the p-lay- 
er and the n-layer. In this case, in comparison to the case 
where the rectification property of the pn junction is used 
to prevent the leakage-current flow, improvement in re- 
sistance can be implemented. 

[0046] In the electron source, the surface electrode is 
preferably formed of a materia! that is to be coupled with 
a Schottky junction to the drift portion. In this case, a 
rectification property of the Schottky junction is used to 
enable the leakage-current flow to be prevented. More- 
over, since junctions such as a pn junction and a pin 
junction need not be additionally provided, the structure 
of the electron source is simplified. 
[0047] In the electron source, in a case where a low- 
concentration semiconductor layer is provided between 
the electroconductive layer and the drift portion, the 
electroconductive layer is preferably formed of a mate- 
rial that is to be coupled with a Schottky junction to the 
low-concentration semiconductor layer. Also in this 
case, a rectification property of the Schottky junction is 
used to enable the leakage-current flow to be prevented. 
Moreover, since junctions such as a pn junction and a 
pin junction need not be additionally provided, the struc- 
ture of the electron source is simplified. 
[0048] According to a second aspect of the present 
invention, an isolating portion for isolating the drift por- 
tions arranged adjacent to each other is provided. In ad- 
dition, the current restraining member is a field moder- 
ating member for reducing the field intensity in a vicinity 
of a boundary to the isolating portion in the drift portion 
to be lower than the field intensity in a central portion of 
the drift portion to thereby reduce power consumption. 
In this case, since the field intensity in the vicinity of the 
boundary becomes lower than the field intensity in the 
central portion, and most of electrons drifting through 
the drift portion are led pass through the centra! portion, 
excessive electrons can be prevented from being emit- 
ted. Moreover, since the field intensity in the vicinity of 
the boundary becomes lower than the field intensity in 
the central portion, dielectric breakdown in the vicinity 
of the boundary can be prevented, and an overcurrent 
can be prevented from locally flowing between the elec- 
troconductive layer and the surface electrode. 
[0049] In the electron source, the field moderating 
member may be an insulator film interposed between 
the drift portion and the surface electrode in a position 
corresponding to the vicinity of the boundary. In this 
case, when a matrix structure is employed in which a 
plurality of the surface electrodes and a plurality of the 



electroconductive layers are arranged in directions in- 
tersecting with each other, portions between individual 
pairs of the adjacent surface electrodes can be insulated 
by the insulator films. 

5 [0050] The field moderating member may be an insu- 
lator film disposed on the electroconductive layer in a 
position corresponding to the vicinity of the boundary. In 
this case, when a matrix structure is employed in which 
a plurality of the surface electrodes and a plurality of the 

10 electroconductive layers are arranged in directions in- 
tersecting with each other, occurrence of crosstalk can 
be prevented. 

[0051] The field moderating member may be formed 
of a high resistance layer in a position corresponding to 
15 the vicinity of the boundary, and a low resistance layer 
interposed between the drift portion and the electrocon- 
ductive layer in a position corresponding to a central por- 
tion of the drift portion. In this case, pattern restrictions 
can be eliminated for the surface electrode and the elec- 
ta troconductive layer. 

[0052] The field moderating member may be a cutout 
portion formed in the surface electrode in a position cor- « 
responding to the vicinity of the boundary. In this case, 
excessive electrons can be prevented from being emit- 
25 ted only by changing the pattern of the surface elec- 
trode. 

[0053] The field moderating member may be a cutout 
portion formed in the electroconductive layer in a posi- 
tion corresponding to the vicinity of the boundary. In this 
30 case, excessive electrons can be prevented from being 
emitted only by changing the pattern of the electrocon- 
ductive layer. 

[0054] According to a third aspect of the present in- 
vention, the current restraining member is a field mod- 

35 erating layer that is disposed between the drift layer and 
the surface electrode and that reduces the field intensity 
of the strong field drift layer to thereby reduce power 
consumption. In this case, the field intensity in a portion 
of the drift layer in which dielectric breakdown tends to 

40 occur can be reduced, and hence dielectric breakdown 
in that portion can be prevented. Consequently, the age- 
ing stability in the electron emission properties such as 
electron emission efficiency can be improved; and when 
the above is applied to, for example, a display, a gradual 

45 reduction in the screen luminance can be prevented. 
With the field moderating member being provided, the 
field intensity to be applied between the surface elec- 
trode and the electroconductive substrate is reduced. 
As such, when voltage to be applied between the sur- 

50 face electrode and the electroconductive substrate is 
controlled to be the same as that in the conventional 
electron source not including the field moderating layer, 
an emitted electron current is reduced smaller than that 
in the case where the field moderating layer is not pro- 

55 vided. However, by increasing the voltage, the level of 
the emitted electron current can be increased to becom 
equivalent to that in the conventional case. 
[0055] In the electron source, the field moderating 



7 



NSCOCID: <EP 1329926A1 J_> 



13 



EP 1 329 926 A1 



14 



member may be one of a silicon nitride film and a mul- 
tilayer film including a silicon nitride film. In this case, 
since the resistivity of the silicon nitride film is high, the 
film thickness of the field moderating member can be 
reduced. In addition, since electrons drifted through the 5 
drift layer are not easily diffused in the silicon nitride film, 
reduction in electron emission efficiency because of the 
field moderating member being provided can be inhib- 
ited. 

[0056] The field moderating member may be formed to 
of a silicon nitride film and an silicon oxide film disposed 
on the silicon nitride film. In this case, since the resistiv- 
ities of the silicon nitride film and the silicon oxide film 
are high, the film thickness of the field moderating mem- 
ber can be reduced. In addition, since electrons drifted *5 
through the drift layer are not easily diffused in the silicon 
nitride film, reduction in electron emission efficiency be- 
cause of the field moderating member being provided 
can be inhibited. Moreover, in comparison to a case 
where the surface electrode is formed on the silicon ni- 20 
tride film, since the surface electrode is formed on the 
silicon oxide film, the electron movement to the surface 
electrode easily occurs, thereby enabling the electron 
emission efficiency to increase. 

[0057] The field moderating member may be formed 
of a silicon oxide film, a silicon nitride film disposed on 
the silicon oxide film, and another silicon oxide film 
formed on the silicon nitride film. In this case : since the 
resistivities of the silicon nitride film and the silicon oxide 
film are high, the film thickness of the field moderating 
member can be reduced. In addition, since electrons 
drifted through the drift layer are not easily diffused in 
the silicon nitride film, reduction in electron emission ef- 
ficiency because of the field moderating member being 
provided can be inhibited. Moreover, in comparison to 
a case where the surface electrode is formed on the sil- 
icon nitride film, since the surface electrode is formed 
on the other silicon oxide film, the electron movement 
to the surface electrode easily occurs, thereby enabling 
the electron emission efficiency to increase. 
[0058] The field moderating member is preferably 
formed of a material having a high property of adhesion 
to the surface electrode. In this case, ageing deteriora- 
tion and ageing variations in electron emission property 
that can occur because of separation of the surface 
electrode can be inhibited. 

[0059] For the material having the high property of ad- 
hesion, a chrome oxide film may be used. Since the 
chrome oxide film has a high transmittance property, re- 
duction in electron emission efficiency because of the 
field moderating member being provided can be inhib- 
ited. 

[0060] A resistance value of the field moderating 
member is preferably on the same order of a resistance 
value of the strong field drift layer. In this case, in com- 
parison to a case where the field moderating member is 
not provided, the field intensity of the drift layer can be 
moderated without greatly increasing the voltage to be 



applied between the surface electrode and the electro- 
conductive substrate. 

[0061] According to a fourth aspect of the present in- 
vention, a bus electrode commonly coupling a plurality 
of the surface electrodes is provided. Moreover, the cur- 
rent restraining member is an overcurrent protection el- 
ement for limiting a current flowing between the surface 
electrode and the bus electrode to thereby reduce pow- 
er consumption. In this case, when an associated set of 
the bus electrode and a wiring is appropriately selected, 
and voltage is applied to the selected set a strong field 
is applied only to the drift portion positioned below the 
surface electrode that is proximate to a portion corre- 
sponding to an intersection with the wiring in the select- 
ed bus electrode, and electrons are thereby emitted. As 
such, the electron source can be used as an electron 
source for a display. Moreover, an overcurrent can be 
prevented from continually flowing to the surface elec- 
trode, drift portion, or the wiring, increase in the temper- 
ature thereof can be inhibited. Consequently, a deterio- 
ration range can be prevented from being increased, 
and the reliability can be improved. 
[0062] The overcurrent protection element may be a 
member that causes disconnection when an overcur- 
rent flows between the surface electrode and the bus 
electrode. In this case, when an overcurrent flows to a 
specific one of the surface electrodes, disconnection is 
caused between the surface electrode and the bus elec- 
trode. As such, an overcurrent can be prevented from 
continually flowing to the specific one of the surface 
electrodes. Consequently, a deterioration range can be 
prevented from being increased because of heat gen- 
eration, and the reliability can be improved. 
[0063] The overcurrent protection element may be a 
high resistance layer disposed between the surface 
electrode and the bus electrode. As such, an overcur- 
rent can be prevented from flowing to the surface elec- 
trode. Consequently, a deterioration range can be pre- 
vented from being increased because of heat genera- 
tion, and the reliability can be improved. 
[0064] The overcurrent protection element may be a 
thermo-sensitive layer that is disposed between the sur- 
face electrode and the bus electrode and that has a pos- 
itive resistance temperature coefficient. When an over- 
current flows to a specific one of the surface electrodes, 
and the temperature increases, the resistance of the 
thermo-sensitive layer increases to thereby limit a cur- 
rent flowing to the surface electrode, a deterioration 
range can be prevented from being increased because 
of heat generation, and the reliability can be improved. 
[0065] According to fifth aspect of the present inven- 
tion, the current restraining member is an electron-emis- 
sion restraining member for restraining electron emis- 
sion from a peripheral portion of the drift portion to there- 
by reduce power consumption. In this case, since elec- 
tron emission from a peripheral portion of the drift por- 
tion, when the electron source is adapted in a display, 
occurrence of bleeding can be prevented, and a high- 
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precision display can be implemented. 
[0066] The current restraining member may be a met- 
al layer. In this case, when the thickness of the metal 
layer is set larger than the mean free path of electrons, 
electrons can be prevented from being emitted through 5 
a position positioned below the metal layer in a periph- 
eral portion of the drift portion. 

[0067] The metal layer is preferably disposed around 
the drift portion. In this case, when the thickness of the 
metal layer is set larger than the mean free path of elec- 10 
trons, electrons can be prevented from being emitted 
through the overall peripheral portion of the drift portion, 
and a higher-precision display can be implemented. 
[0068] In a case where the electron source includes 
a bus electrode commonly connecting a plurality of the *5 
surface electrode, a portion of the bus electrode may be 
concurrently used as the metal layer. In this case, when 
the thickness of the bus electrode is set larger than the 
mean free path of electrons, with the bus electrodes, 
electrons can be prevented from being emitted through 20 
a peripheral portion of the drift portion. In this case, when 
the electron source is adapted in a display, occurrence 
of bleeding can be prevented, and a high-precision dis- 
play can be implemented. 

[0069] In a case where the electron source includes ^ 
a bus electrode commonly connecting a plurality of the 
surface electrode, the bus electrode is preferably dis- 
posed on two sides of a pixel. In this case, when the 
electron source is adapted in a display, occurrence of 
bleeding can be prevented, and a high-precision display 30 
can be implemented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0070] The present invention will become more fully 35 
understood from a detailed description given below and 
the accompanied drawings. In the accompanying draw- 
ings, like reference symbols indicate common configu- 
ration elements. 

40 

Fig. 1 is a partial ly-cutaway schematic perspective 
view of an electron source (field emission-type elec- 
tron source) according to Embodiment 1 of the 
present invention. 

Figs. 2A to 2E are schematic cross-sectional views 45 
showing an electron source according to Embodi- 
ment 1 of the present invention or intermediate 
products during the manufacture thereof, and a 
manufacturing method for the electron source. 
Figs. 3A to 3G are schematic cross-sectional views so 
showing an electron source of Embodiment 2 of the 
present invention or intermediate products during 
the manufacture thereof, and a manufacturing 
method for the electron source. 

Fig. 4 is a schematic cross-sectional view of an 55 
electron source according to Embodiment 3 of the 
present invention. 

Fig. 5 is a schematic cross-sectional view of an 



electron source according to Embodiment 4 of the 
present invention. 

Fig. 6 is a schematic cross-sectional view of an 
electron source according to Embodiment 5 of the 
present invention. 

Fig. 7 is a schematic cross-sectional view of an 
electron source according to Embodiment 6 or 7 of 
the present invention. 

Fig. 8 is a schematic cross-sectional view of an 
electron source according to Embodiment 8 of the 
present invention. 

Fig. 9 is a schematic cross-sectional view of an 
electron source according to Embodiment 9 of the 
present invention. 

Fig. 10 is a schematic cross-sectional view of an 
electron source according to Embodiment 10 of the 
present invention. 

Fig. 11 is a schematic cross-sectional view of an 
electron source according to Embodiment 11 of the 
present invention. 

Fig. 12 is a schematic cross-sectional view of an 
electron source according to Embodiment 12 of the 
present invention. 

Fig. 13 is a schematic cross-sectional view of an 
electron source according to Embodiment 13 of the 
present invention. 

Fig. 1 4 is a partially-cutaway schematic perspective 
view of an electron source according to Embodi- 
ment 14 of the present invention. 
Fig. 1 5 is a partially-cutaway schematic perspective 
view of an electron source according to Embodi- 
ment 15 of the present invention. 
Fig. 16A is a schematic cross-sectional view of an 
electron source according to Embodiment 16 of the 
present invention, and Fig. 16B is an enlarged sche- 
matic cross-sectional view of an essential portion of 
the electron source shown in Fig. 16A. 
Figs. 17A to 17D are schematic cross-sectional 
views showing an electron source of Embodiment 
1 6 of the present invention or intermediate products 
during the manufacture thereof, and a manufactur- 
ing method for the electron source. 
Fig. 18 is a view for explaining the principles of an 
electron emission mechanism in the electron 
source according to Embodiment 16 of the present 
invention. 

Fig. 1 9 is a perspective view of a display using the 
electron source according to Embodiment 1 6 of the 
present invention. 

Fig. 20 is a schematic cross-sectional view of an 

essential portion of an electron source according to 

Embodiment 17 of the present invention. 

Fig. 21 is a schematic cross-sectional view of an 

essential portion of an electron source according to 

Embodiment 18 of the present invention. 

Figs. 22A to 22D are schematic cross-sectional 

views showing an electron source of Embodiment 

1 9 of the present invention or intermediate products 
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during the manufacture thereof, and a manufactur- 
ing method for the electron source. 
Fig. 23 is a schematic perspective view of an elec- 
tron source according to Embodiment 20 of the 
present invention. 5 
Fig. 24 is a schematic plan view of an essential por- 
tion of the electron source according to Embodi- 
ment 20 of the present invention. 
Fig. 25 is a schematic plan view of an essential por- 
tion of the electron source according to Embodi- io 
ment 20 of the present invention. 
Fig. 26 is a schematic perspective view of an elec- 
tron source according to Embodiment 21 of the 
present invention. 

Fig. 27 is a schematic plan view of an essential por- is 
tion of the electron source according to Embodi- 
ment 21 of the present invention. 
Fig. 28 is a schematic perspective view of an elec- 
tron source according to Embodiment 22 of the 
present invention. 20 
Fig. 29 is a schematic plan view of an essential por- 
tion of the electron source according to Embodi- 
ment 22 of the present invention. 
Fig. 30 is a schematic cross-sectional view of an 
essential portion of the electron source according 25 
to Embodiment 22 of the present invention. 
Fig. 31 is a graph showing the relationship between 
the temperature and resistance values in an elec- 
tron source according to Embodiment 22 of the 
present invention. 30 
Fig. 32 is a schematic perspective view of an elec- 
tron source according to Embodiment 23 of the 
present invention. 

Fig. 33 is a schematic plan view of an essential por- 
tion of the electron source according to Embodi- 35 
ment 23 of the present invention. 
Fig. 34 is a schematic cross-sectional view of an 
essential portion of the electron source according 
to Embodiment 23 of the present invention. 
Fig. 35 is a schematic perspective view of an elec- <*o 
tron source according to Embodiment 24 of the 
present invention. 

Fig. 36 is a schematic plan view of an essential por- 
tion of the electron source according to Embodi- 
ment 24 of the present invention. 45 
Fig. 37 is a schematic perspective view of an elec- 
tron source according to Embodiment 25 of the 
present invention. 

Fig. 38 is a schematic plan view of an essential por- 
tion of the electron source according to Embodi- so 
ment 25 of the present invention. 
Fig. 39 is a schematic perspective view of an elec- 
tron source according to Embodiment 26 of the 
present invention. 

Fig. 40 is a schematic plan view of the electron 55 
source according to Embodiment 26 of the present 
invention. 

Fig. 41 is a schematic perspective view of an elec- 



tron source according to Embodiment 27 of the 
present invention. 

Fig. 42 is a schematic plan view of an essential por- 
tion of the electron source according to Embodi- 
ment 27 of the present invention. 
Fig. 43 is a schematic cross-sectional view of a con- 
ventional electron source. 

Fig. 44 is a view for explaining the principles of an 
electron emission mechanism in the conventional 
electron source shown in Fig. 43. 
Fig. 45 is an enlarged schematic cross-sectional 
view showing an essential portion of the conven- 
tional electron source, and an electron-emitting op- 
eration in the electron source. 
Fig. 46 is a schematic cross -sectional view of an- 
other conventional electron source. 
Fig. 47 is a view for explaining the principles of an 
electron emission mechanism in the conventional 
electron source shown in Fig. 46. 
Fig. 48 is a perspective view of a display using the 
conventional electron source shown in Fig. 46. 
Fig. 49 is a schematic cross-sectional view of still 
another conventional electron source. 
Fig. 50 is a schematic circuit diagram for explaining 
operation of a display employing a passive matrix 
structure. 

Fig. 51 is a schematic circuit diagram for explaining 
operation of another display employing a passive 
matrix structure. 

Fig. 52 is a schematic cross-sectional view of still 
another conventional electron source. 
Fig. 53 is a graph showing ageing variations of a 
diode current and an emitted electron current in the 
conventional electron source. 
Fig. 54 is a schematic perspective view of still an- 
other electron source. 

Fig. 55 is a schematic view of pixels provided on a 
faceplate of a display using the electron source. 
Fig. 56 is a graph showing the relationship between 
voltage and current when a forward voltage and a 
backward voltage are applied in the conventional 
electron source. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0071] This application is based on Japanese Patent 
Applications No. 2000-344301, No. 2000-326274, No. 
2000-326276, No. 2001-145527, and 2001-145528 
submitted in Japan; and all the contents thereof are in- 
corporated herein. 

[0072] Hereinbelow, a number of embodiments of the 
.present invention will be described in detail. For the in- 
dividual embodiments, like reference numerals/symbols 
are assigned for common members, i.e., members hav- 
ing substantially the same configurations and functions; 
and duplicated descriptions thereof are omitted. 
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(EMBODIMENT 1) 

[0073] First, Embodiment 1 of the present invention 
will be described. 

[0074] As shown in Fig. 1 , an electron source 1 0 (field- 
emission electron source) of Embodiment 1 includes a 
dielectric substrate 11 made of a glass substrate; a plu- 
rality of lower electrodes 8 arranged on a main surface 
of the dielectric substrate 1 1 ; semiconductor layers 20 
individually formed in such a manner as to overlap lower 
electrodes 8; an undoped polycrystalline silicon layer 3 
individually formed on the semiconductor layers 20 in 
such a manner as to overlap the lower electrodes 8 (re- 
fer to Fig.2E) on a plan view; a drift layer 6 (strong field 
drift layer) including a plurality of drift portions 6a indi- 
vidually formed of an oxidized porous polycrystalline sil- 
icon layers on the polycrystalline silicon layer 3 in such 
a manner as to overlap the lower electrodes 8 on a plan 
view, and a plurality of isolating portions 6b that are in- 
dividually formed of a polycrystalline siliconlayers and 
that each fills up spaces between the drift portions 6a; 
and a plurality of surface electrodes 7 arranged on the 
drift layer 6 in such a manner as to cross the drift portions 
6a and the isolating portions 6b in the direction inter- 
secting (perpendicular to) with the lower electrodes 8. 
[0075] The lower electrode 8 is formed of an electro- 
conductive thin film made of a thin aluminum film. The 
surface electrode 7 is formed of an electroconductive 
thin film made of a thin metal film (such as a gold film). 
The film thickness of the surface electrode 7 is set to 1 5 
nm, but the film thickness is not limited thereto. The 
thickness of the drift layer 6 also is set to 1 .5 u,m, but 
the thickness is not limited thereto. The dielectric sub- 
strate 11 forms the substrate. 

[0076] While the electron source 10 has a passive 
matrix structure that is similar to that of the conventional 
electron source 1 0" shown in Fig. 48, it is different in that 
the semiconductor layer 20 includes a pn junction that 
prevents leakage current from flowing to the surface 
electrode 7 from the lower electrode 8. Specifically as 
shown in Fig. 2E S the semiconductor layer 20 includes 
an n-layer 21 formed on the lower electrode 8, and a p- 
layer 22 formed on the n-layer 21 , thereby forming the 
pn junction. The semiconductor layer 20 is provided be- 
tween the surface electrode 7 and the lower electrode 
8 with the drift layer 6 added. Thus, the semiconductor 
layer 20 forms a leakage-current preventing member 
(reverse-current preventing means) that prevents leak- 
age current from flowing to the surface electrode 7 from 
the lower electrode 8, The undoped polycrystalline sili- 
con layer 3 provided between the semiconductor layer 
20 and the drift portion 6a forms a low-concentration 
semiconductor layer. As above, since the polycrystalline 
silicon layer 3, which is the low-concentration semicon- 
ductor layer, is formed between the p-layer 22 and the 
drift portion 6a, the semiconductor layer 20 and the drift 
portion 6a are spatially isolated from each other. Con- 
sequently, the drift portion 6a can be formed without be- 



ing influenced by the semiconductor layer 20. 
[0077] In substantially the same manner as that in the 
conventional electron source 10" shown in Fig. 48, in 
the electron source 10, the drift portions 6a of the drift 
5 layer 6 are sandwiched between the plurality of lower 
electrodes 8 and the plurality of surface electrodes 7. 
As such, when an associated set of the surface elec- 
trode 7 and the lower electrode 8 is appropriately select- 
ed, and voltage is applied into the selected set, the 
10 strong field is applied to the drift portion 6a in the position 
corresponding to the intersection of the selected surface 
electrode 7 and lower electrode 8, and electrons are 
thereby emitted. Specifically, as in a case where elec- 
tron sources are individually disposed at intersections 
15 in a check pattern formed of the surface electrodes 7 
and the lower electrodes 8, when an associated set of 
the surface electrode 7 and the lower electrode 8 is se- 
lected, electrons can be emitted from a desired intersec- 
tion. The voltage to be applied between the surface elec- 
ta trode 7 and the lower electrode 8 is set to a range of 
from 10 to 20 V. Each of the surface electrodes 7 is 
formed as a stripe having two end portions in a longitu- ^ 
dinal direction on which pads 27 are individually formed. 
Similarly, each of the lower electrodes 8 is formed as a 
25 stripe having two end portions in a longitudinal direction 
on which pads 28 are individually formed. 
[0078] As in the drift layer 6 shown in Fig. 45, the drift 
layer 6 includes at least grain 51 (semiconductor crystal) 
made of columner polycrystalline silicon disposed on 
30 one surface of the dielectric substrate 11 ; a thin silicon 
oxide film 52 formed on a surface of the grain 51 ; fine 
silicon crystal 63 that is fine semiconductor crystal on 
the order of nanometer and that is interposed between 
items of the grain 51 ; and a silicon oxide film 64 provided 
35 as an insulator film that is formed on a surface of the 
fine silicon crystal 63 and that has a thickness smaller 
than a crystal grain diameter of the fine silicon crystal 63 . 
[0079] As described above, in the electron source 10, 
in addition to the drift layer 6, since the leakage-current 
40 preventing member for preventing leakage current from 
flowing to the surface electrode 7 from the lower elec- 
trode 8 is provided between the surface electrode 7 and 
the lower electrode 8, leakage current can be prevented 
from flowing, and a reduction in power consumption can 
45 be implemented without reducing the per-unit-area field 
emission area in comparison to the conventional cases. 
The leakage-current preventing member is formed of 
the semiconductor layer 20 that includes the pn junction 
between the drift portion 6a and the lower electrode 8. 
so That is, only by interposing the semiconductor layer 20 
that includes the pn junction between the drift portion 6a 
and the lower electrode 8, a rectification property of the 
pn junction is used to enable leakage current from flow- 
ing. In the electron source 10, electrons injected from 
55 the lower electrode 8 do not impinge on the fine silicon 
crystal 63, they are further accelerated by a field applied 
to the silicon oxide film 64, and they drift therein. In this 
case, heat generated in the drift layer 6 is discharged 
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through the columner 51. As such, electrons can be 
emitted at high efficiency without popping phenomenon 
being caused. 

[0080] In Embodiment 1 , the drift portion 6a of the drift 
layer 6 is formed of the oxidized porous polycrystalline 
silicon layer. However, the isolating portion 6b may be 
formed of a nitrided porous polycrystalline silicon layer. 
Alternatively, the drift portion 6a may be formed of an 
oxidized or nitrided material instead of a porous poly- 
crystalline silicon layer. When the drift portion 6a is 
formed of a nitrided porous polycrystalline silicon layer, 
a silicon nitride film is formed for either the silicon oxide 
film 52 or 64 in the Fig. 45. 

[0081 ] In the electron source 10, while the gold film is 
used as the electroconductive thin film that forms the 
surface electrodes 7, the material of the surface elec- 
trode 7 is not limited to the gold material. Instead of the 
material, for example, another material having a small 
work function, such as an aluminum, chrome, tungsten, 
nickel, or platinum material, may be used. The work 
function of gold is 5.10 eV, the work function of alumi- 
num is 4.28 eV, the work function of chrome is 4.50 eV, 
the work function of tungsten is 4.55 eV, the work func- 
tion of nickel is 5.15 eV, and the work function of plati- 
num is 5.65 eV. Alternatively, the surface electrode 7 
may be formed of an electroconductive thin film formed 
of a plurality of thin-film electrode layers laminated in 
the thickness direction. In this case, a material that has 
a high oxidation resistance and a small work function is 
preferably used for the top thin-film electrode layer; and 
a material that has a small work function and a high ad- 
hesion property with respect to the drift layer 6 is pref- 
erably used for the bottom thin-film electrode layer. The 
material of the bottom thin-film electrode layer prefera- 
bly has a property of not easily diffusing into the drift 
layer 6 in comparison to the top thin-film electrode layer 
(that is, the diffusion coefficient in the material of the drift 
layer 6 is small). 

[0082] By using the surface electrode 7 that has a 
small work function and a high adhesion property with 
respect to the drift layer 6, the surface electrode 7 can 
be prevented from being isolated from the drift layer 6. 
Thereby, disconnection of the surface electrode 7 can 
be prevented, and the ageing stability thereof can be 
improved. Furthermore, the manufacturing yield can be 
improved, and cost reduction can be implemented. 
[0083] For example, gold is preferably be used for the 
material of the top thin-film electrode layer, and chrome 
is preferably used for the material of the bottom thin-film 
electrode layer. However, for the material of the bottom 
thin-film electrode layer, any one of nickel, platinum, ti- 
tanium, zilconium, rhodium, and hafnium, or an oxide 
thereof may be used instead of chrome. In addition, by 
using any one of nickel, platinum, titanium, zilconium, 
rhodium, and hafnium, or an oxide thereof for the mate- 
rial of the bottom thin-film electrode layer, raw-material 
costs for the bottom thin-film electrode layer can be re- 
duced relativ ly low. 



[0084] In the electron source 1 0, a thin aluminum film 
is used for the electroconductive layer that forms the 
lower electrodes 8. However, the material of the lower 
electrode 8 is not limited to the aluminum material, and 
5 an electroconductive material other than the aluminum 
material may be used therefor. 

[0085] Hereinbelow, referring to Figs. 2A to 2E, a 
manufacturing method for the electron source 10 of the 
present invention will be described. A cross section of 
10 only an essential portion is shown in each of Figs. 2A to 
2E. 

[0086] The electroconductive layer, which is formed 
of a thin aluminum film having a predetermined film 
thickness, is deposited (overlaid) on the entirety of one 

15 face (the upper surface in Fig. 2A) of the dielectric sub- 
strate 1 1 according to a sputtering method. Subsequent- 
ly, a resist layer that has been patterned corresponding 
to a pattern of the lower electrode 8 is formed on the 
electroconductive layer. Then, unnecessary portions of 

20 the electroconductive layer are etched using the resist 
layer as a mask. Thereby, the lower electrode 8 made 
of a patterned electroconductive layer is formed on the 
aforementioned surface of the dielectric substrate 11. 
Thereafter, the resist layer is removed. Thereby, an in- 

25 termediate product having a structure shown in Fig. 2A 
is obtained. 

[0087] Subsequently, the n-layer 21 , which is formed 
of an n-type polycrystalline silicon layer containing 
phosphorus added as an n-type impurity, is deposited 

30 (overlaid) on the entire portion on the side of the afore- 
mentioned surface of the dielectric substrate 1 1 accord- 
ing to a plasma CVD method. Thereby, an intermediate 
product having a structure shown in Fig. 2B is obtained. 
Since the n-layer 21 is deposited according to the plas- 

35 ma CVD method, the layer can be deposited by a low- 
temperature process at a temperature of 600°C or lower 
(100°C to 600°C). In addition, since the n-layer 21 is 
doped with an impurity at the layering time according to 
the plasma CVD method, it can easily be formed. 

40 [0088] Thereafter, the p-layer 22, which is formed of 
a p-type polycrystalline silicon layer containing boron 
added as a p-type impurity, is deposited by using, for 
example, a plasma CVD method. Thereby, an interme- 
diate product having a structure shown in Fig. 2C is ob- 

45 tained. Since the p-layer 22 Is overlaid according to the 
plasma CVD method, it can be deposited by a low-tem- 
perature process at a temperature of 600°C or lower 
(100°C to 600°C). In addition, the p-layer 22 is doped 
with an impurity at the layering time according to the 

so plasma CVD method, it can easily be formed. 

[0089] Subsequently, in each of the n-layer 21 and p- 
layer 22, oxygen ions are injected to insulate a portion 
nonoverlapping with the lower electrode 8 from a portion 
overlapping with the lower electrode 8. Thereafter, an 

55 undoped polycrystalline silicon layer 3 having a prede- 
termined film thickness (for example, 1 .5 u,m) is formed 
on the entire portion on the side of the aforementioned 
surface of the dielectric substrate 1 1 by using, for exam- 
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pie, a plasma CVD method. Thereby, an intermediate 
product having a structure shown in Fig. 2D is obtained. 
Since the undoped polycrystalline silicon layer 3 is over- 
laid according to the plasma CVD method, it can be de- 
posited by a low-temperature process at a temperature 
of 600°C or lower (1 00°C to 600°C). The forming meth- 
od of the undoped polycrystalline silicon layer 3 is not 
limited to the plasma CVD method. The undoped poly- 
crystalline silicon layer 3 may be deposited using : for 
example, a catalytic CVD method, according to a low- 
temperature process at 600°C or lower. 
[0090] After the undoped polycrystalline silicon layer 
3 has been formed, an anodic oxidation treatment is per- 
formed at predetermined conditions. In the treatment, 
an anodic oxidation process tank that contains an elec- 
trolytic solution composed of a mixed liquid in which a 
55-wt% hydrogen fluoride aqueous solution and ethanol 
are mixed at a ratio of about 1:1 is used, and light is 
emitted onto the undoped polycrystalline silicon layer 3 
with a platinum electrode (not shown) being set to be 
cathodic and the lower electrode 8 being set to be anod- 
ic. Thereby, a porous polycrystalline silicon layer is 
formed in a portion of the polycrystalline silicon layer 3, 
which overlaps with the lower electrode 8. Thereafter, 
the electrolytic solution is removed from the anodic ox- 
idation process tank; and acid (for example, approxi- 
mately-10% dilute nitric acid, approximately-10% dilute 
sulfuric acid, and aqua regia) is newly poured into the 
anodic oxidation process tank. Subsequently, the po- 
rous polycrystalline silicon layer is oxidized in a way that 
the anodic oxidation process tank containing the afore- 
mentioned acid, the platinum electrode (not shown) is 
set to be cathodic, and the lower electrode 8 is set to be 
anodic. Thereby, the drift portion 6a, which is made of 
the oxidized porous polycrystalline silicon layer, is 
formed on the portion overlapping with the lower elec- 
trode 8. Subsequently, the surface electrode 7, which is 
made of a gold film having a predetermined film thick- 
ness (for example, 15 nm), is formed on the drift layer 

6 according to, for example, a vapor deposition method, 
using a metal mask. Thereafter, the pads 27 and 28 
shown in Figs. 1 are formed, and the electron source 10 
shown in Fig. 3E is thereby obtained. In this configura- 
tion, the isolating portion 6b is formed with the polycrys- 
talline silicon layer 3 existing in the drift portions 6a and 
the portions into which the oxygen ions have been in- 
jected. 

[0091] During the anodic oxidation treatment in Em- 
bodiment 1 , the power of the light emitted onto the sur- 
face of the undoped polycrystalline silicon layer 3 is set 
at a predetermined level, and the current density also is 
set at a predetermined level. However, these conditions 
may be optionally changed (for example, the current 
density may be set variable). In addition, although the 
electroconductive thin film used as the surface electrode 

7 is formed according to a vapor deposition method, the 
method of forming the electroconductive thin film is not 
thereby limited, and, for example, a sputtering method 



may be employed. 

[0092] According to the above-described manufactur- 
ing method, since the n-layer 21 and the p-layer 22 are 
formed with an impurity being doped at the layering time, 

5 the n-layer 21 and the p-layer 22 can easily be formed. 
Moreover, the n-layer 21 and the p-layer 22 can contin- 
ually be deposited using the same film-depositing appa- 
ratus (for example, a plasma CVD apparatus). Manu- 
facture can be easily performed for the electron source 

10 1 0 that enables the prevention of a leakage-current flow 
and the implementation of a power-consumption reduc- 
tion without reducing the per-unit-area field emission ar- 
ea in comparison to the conventional cases. Further- 
more, the semiconductor layers 20, the low-concentra- 

15 tion semiconductor layers, and the like are made of poly- 
crystalline silicon. In this case, since an ordinary silicon 
process, a manufacturing process for a liquid-crystal 
display apparatus, and the like can be used, a cost re- 
duction can be implemented. 

20 

(EMBODIMENT 2) 

[0093] Hereinbelow, Embodiment 2 of the present in- 
vention will be described. However, an electron source 

25 according to Embodiment 2 has the same configuration 
as the electron source 1 0 of the Embodiment 1 , and only 
a manufacturing method therefor is different. As such, 
hereinbelow, only the manufacturing method therefor 
will be described with reference to Figs. 3A to 3G. Figs. 

30 3A to 3G each show only a cross section of an essential 
portion. 

[0094] The electroconductive layer, which is formed 
of a thin aluminum film having a predetermined film, 
thickness, is deposited (overlaid) on the entirety of one 

35 face (the upper surface in Fig. 3A) of the dielectric sub- 
strate 11 according to a sputtering method. Subsequent- 
ly, a resist layer that has been patterned corresponding 
to a pattern of the lower electrode 8 is formed on the 
electroconductive layer. Then, unnecessary portions of 

40 the electroconductive layer are etched using the resist 
layer as a mask. Thereby, the lower electrode 8 made 
of a patterned electroconductive layer is formed on the 
aforementioned surface of the dielectric substrate 11. 
Thereafter, the resist layer is removed. Thereby, an in- 

45 termediate product having a structure shown in Fig. 3A 
is obtained. 

[0095] Subsequently, an undoped polycrystalline sili- 
con layer 24 is deposited on the entire portion on the 
side of the aforementioned surface of the dielectric sub- 

50 strate 11 according to, for example, a plasma CVD 
method. Thereby, an intermediate product having a 
structure shown in Fig. 3B is obtained. Since the un- 
doped polycrystalline silicon layer 24 is overlaid accord- 
ing to the plasma CVD method, the layer can be depos- 

55 rted by a low -temperature process at a temperature of 
600°C or lower (1 00°C to 600°C). 
[0096] In addition, the n-layer 21 is formed while per- 
forming doping with an n-type impurity (such as phos- 
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phorus) according to an ion-injecting method or an im- 
purity-diffusing method on a portion overlapping with the 
lower electrode 8 in the undoped polycrystalline silicon 
layer 24. Thereby, an intermediate product having a 
structure shown in Fig. 3C is obtained. Subsequently, 
an undoped polycrystalline silicon layer 25 is formed on 
the entirety portion on the side of the aforementioned 
surface of the dielectric substrate 1 1 by using, for exam- 
ple, a plasma CVD method. Thereby, an intermediate 
product shown in Fig. 3D is obtained. Since the undoped 
polycrystalline silicon layer 25 is overlaid according to 
the plasma CVD method, it can be deposited by a low- 
temperature process at a temperature of 600°C or lower 
(100°C to 600°C). 

[0097] Thereafter, the p-layer 22 is formed while per- 
forming doping with an p-type impurity (such as boron) 
according to an ion-injecting method or an impurity-dif- 
fusing method on a portion overlapping with the lower 
electrode 8 in the undoped polycrystalline silicon layer 
25. Thereby, an intermediate product having a structure 
shown in Fig. 3E is obtained. 

[0098] Subsequently, the undoped polycrystalline sil- 
icon layer 3 having a predetermined film thickness (for 
example, 1.5 pm) is formed on the entirety portion on 
the side of the aforementioned surface of the dielectric 
substrate 11 by using, for example, a plasma CVD meth- 
od. Thereby, an intermediate product shown in Fig. 3F 
is obtained. Since the undoped polycrystalline silicon 
Iayer3 is overlaid according to the plasma CVD method, 
it can be deposited by a low-temperature process at a 
temperature of 600°C or lower (1 00°C to 600°C). The 
forming method of the undoped polycrystalline silicon 
layer 3 is not limited to the plasma CVD method. The 
undoped polycrystalline silicon layer 3 may be deposit- 
ed using a different method, such as a catalytic CVD 
method, according to a low-temperature process at 
600°C or lower. 

[0099] After the undoped polycrystalline silicon layer 
3 has been formed, an anodic oxidation treatment is per- 
formed at predetermined conditions. In the treatment, 
an anodic oxidation process tank that contains an elec- 
trolytic solution composed of a mixed liquid in which a 
55-wt% hydrogen fluoride aqueous solution and ethanol 
are mixed at a ratio of about 1:1 is used, and light is 
emitted onto the undoped'polycrystalline silicon layer 3 
with a platinum electrode (not shown) being set to be 
cathodic and the lower electrode 8 being set to be anod- 
ic. Thereby, a porous polycrystalline silicon layer is 
formed in a portion of the polycrystalline silicon layer 3, 
which overlaps with the lower electrode 8. Thereafter, 
the electrolytic solution is removed from the anodic ox- 
idation process tank; and acid (for example, approxi- 
mately-! 0% dilute nitric acid, approximately-10% dilute 
sulfuric acid, and aqua regia) is newly poured into the 
anodic oxidation process tank. Subsequently, the po- 
rous polycrystalline silicon layer is oxidized in a way that 
the anodic oxidation process tank containing the afore- 
mentioned acid, the platinum electrode (not shown) is 



set to be cathodic, and the lower electrode 8 is set to be 
anodic. Thereby, the drift portion 6a, which is formed of 
the oxidiz d porous polycrystalline silicon layer, is 
formed on the portion overlapping with the lower elec- 

5 trode 8. Subsequently the surface electrode 7, which is 
made of a gold film having a predetermined film thick- 
ness (for example, 15 nm), is formed on th'e drift layer 
6 according to, for example, a vapor deposition method, 
using a metal mask. Thereafter, the pads 27 and 28 

10 shown in Fig. 1 are formed, and the electron source 10 
shown in Fig. 3G is thereby obtained. In this configura- 
tion, the isolating portion 6b is formed with the polycrys- 
talline silicon layer 3 existing in the drift portions 6a, the 
undoped polycrystalline silicon layer 24, and the un- 

15 doped polycrystalline silicon layer 25 existing in the p- 
layer 22. 

[0100] In the above-described manner, in the Embod- 
iment 2, the respective n-layer 21 and p-layer 22 are 
formed while performing doping with an impurity accord- 

20 ing to the ion-injecting method or the impurity-diffusing 
method after formation of the polycrystalline silicon lay- 
ers 24 and 25, which are undoped semiconductor lay- 
ers. As such, without depending on a film-depositing ap- 
paratus, the impurity concentration in the n-iayer21 and 

25 the p-layer 22 can be controlled at a high controllability. 

(EMBODIMENT 3) 

[0101] Hereinbelow, Embodiment 3 of the present in- 

30 vention will be described. The basic configuration of an 
electron source according to Embodiment 3 is substan- 
tially the same as that of the electron source 1 0 accord- 
ing to Embodiment 1 shown in Fig. 1 . As shown in Fig. 
4, however, the configuration is different in that the drift 

35 portion 6a is formed on the p-iayer 22. In Embodiment 
3, the semiconductor layers made of the p-layer 22 and 
the n-layer 21 form a leakage-current preventing mem- 
ber (reverse-current preventing means). 
[0102] Thus, in Embodiment 3, as in Embodiment 1, 

40 in addition to the drift layer 6, the leakage-current pre- 
venting member is provided to prevent leakage current 
from flowing from the lower electrode 8 to the surface 
electrode 7. Consequently, without reducing the per- 
unit-area field emission area in comparison to the con- 

45 ventional cases, a leakage-current flow can be prevent- 
ed, and a reduction in power consumption can be im- 
plemented. Furthermore, the configuration is be simpli- 
fied in comparison to that of Embodiment 1 since the 
undoped polycrystalline silicon layer 3 used in Embod- 

50 iment 1 is not provided between the semiconductor lay- 
er, which forms the leakage-current preventing member, 
and the drift portion 6a. 

[0103] In comparison to the manufacturing method 
according, to Embodiment 1 or Embodiment 2, a man- 
55 ufacturing method for the electron source 1 0 of Embod- 
iment 3 is different only in that the entire portion over- 
lapping with the lower electrode 8 is formed porous ac- 
cording to the anodic oxidation treatment. 
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(EMBODIMENT 4) 

[0104] Hereinbelow, Embodiment 4 of the present in- 
vention will be described. The basic configuration of an 
electron source according to Embodiment 4 is substan- 
tially the same as that of the electron source 1 0 accord- 
ing to Embodiment 1 shown in Fig. 1 . As shown in Fig. 
5, however, the configuration is different in that a silicon 
substrate 1 , which is a semiconductor substrate, is used 
for the substrate; and the lower electrode 8 in Embodi- 
ment 1 is formed of the n-layer 21 , which is formed of 
an n-type silicon region having a relatively high concen- 
tration, the p-layer 22, which is formed of a p-type silicon 
region having a relatively high concentration. In Embod- 
iment 4, the lower electrode formed of the p-layer 22 
and the n-layer 21 forms a leakage-current preventing 
member that prevents a leakage current from flowing to 
the surface electrode 7 from the lower electrode. 
[0105] Thus, in Embodiment 4, as in Embodiment 1, 
in addition to the drift layer 6, the leakage-current pre- 
venting member is provided to prevent leakage current 
from flowing to the surface electrode 7 from the lower 
electrode. Consequently, without reducing the per-unit- 
area field emission area in comparison to the conven- 
tional cases, a leakage-current flow can be prevented, 
and a reduction in power consumption can be imple- 
mented. 

[0106] In the electron source 1 0 according to Embod- 
iment 4, since the silicon substrate 1 is used for the sub- 
strate, an ordinary silicon process, such as an ion-inject- 
ing method or an impurity-diffusing method, can be used 
to form the n-layer 21 and the p-layer 22 that form the 
lower electrode. Because of the configuration, the pat- 
tern precision of the lower electrode can be improved, 
and furthermore, no nonuniform portions irregular por- 
tion,, which can be formed with the formation of the low- 
er electrode, are formed on the aforementioned surface 
of the substrate. Consequently, discontinuation in the 
surface electrode 7 can be prevented, and the display 
precision can be easily improved. 

(EMBODIMENT 5) 

[01 07] Hereinbelow, Embodiment 5 of the present in- 
vention will be described. The basic configuration of an 
electron source according to Embodiments is substan- 
tially the same as that of the electron source 1 0 accord- 
ing to Embodiment 1 shown in Fig. 1 . As shown in Fig. 
6, however, the configuration is different in that an i-layer 
23 formed a low-concentration polycrystalline silicon 
layer is interposed between the p-layer 22 and the n- 
layer 21. That is, in Embodiment 5, the semiconductor 
layer formed of the p-layer 22, the i-layer 23, and the n- 
Iayer21 form a leakage-current preventing member that 
prevents a leakage current from flowing to the surface 
electrode 7 from the lower electrode 8. 
[0108] Thus, in Embodiment 5, as in Embodiment 1, 
in addition to the drift layer 6, the leakage-current pre- 



venting member is provided to prevent leakage current 
from flowing to the surface electrode 7 from the lower 
electrode 8. Consequently, without reducing the per- 
unit-area field emission area in comparison to the con- 

5 ventional cases, a leakage-current flow can be prevent- 
ed, and a reduction in power consumption can be im- 
plemented. In addition, the semiconductor layer that 
forms the leakage-current preventing member has a pin 
junction. As such, compared to Embodiment 1 having 

10 the pn junctions, the pressure resistance of the leakage- 
current preventing member can be improved. The i-lay- 
er 23 may be provided between the p-layer 22 and the 
n-layer 21 of each of the other embodiments. 
[0109] A manufacturing method for the electron 

15 source 1 0 of Embodiment 5 is substantially the same as 
that in either Embodiment 1 or Embodiment 2. The man- 
ufacturing method is different only in that a step of form- 
ing the i-layer 23 is added; therefore, detailed descrip- 
tion thereof is omitted herefrom. 

20 

(EMBODIMENT 6) 

[0110] Hereinbelow, Embodiment 6 of the present in- 
vention will be described. The basic configuration of an 

25 electron source according to Embodiment 6 is substan- 
tially the same as that of the electron source 1 0 accord- 
ing to Embodiment 1 shown in Fig. 1 . As shown in Fig. 
7, however, the configuration is made to be different 
such that, instead of providing the semiconductor layer 

30 20, a material forforming a Schottky junction in a portion 
interfacing with the drift portion 6a is used as a material 
of the surface electrode 7, and a leakage-current pre- 
venting member is configured of the surface electrode 
7 and the drift portion 6a. For the material of the surface 

35 electrode 7, for example, Cu, Pd, Ag, Al, Ti, Mn, Pb, Bi, 
Ni, Cr, Fe, Mg, Pt, Be, Sn, Ba, In, Co, Sb, IrSi, PtSi, Pt 2 Si, 
MnSi, Pb 2 Si, Co 2 Si s NiSi, Ni 2 Si, or WSi may be used. 
[0111] Thus, in Embodiment 6, in addition to the drift 
layer 6, the leakage-current preventing member is pro- 

40 vided between the surface electrode 7 and the lower 
electrode 8 to prevent leakage current from flowing to 
the surface electrode 7 from the lower electrode 8. Con- 
sequently, without reducing the per-unit-area field emis- 
sion area in comparison to the conventional cases, a 

45 leakage-current flow can be prevented, and a reduction 
in power consumption can be implemented. In addition, 
in comparison to Embodiments 1 to 5, the configuration 
can be simplified since a rectification property of the 
Schottky junction between the surface electrode 7 and 

50 the drift layer 6 can be used to prevent a leakage-current 
flow, avoiding the needs for additionally providing a junc- 
tion such as the pn junction or the pin junction. 

(EMBODIMENT 7) 

55 

[0112] Hereinbelow, Embodiment 7 of the present in- 
vention will be described. The basic configuration of an 
electron source 10 according to Embodiment 7 is sub- 
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stantially the same as that of the electron source 1 0 ac- 
cording to Embodiment 6 shown in Fig. 7. However, the 
configuration is made to be different such that a material 
for forming a Schottky junction in a portion interfacing 
with the undoped polycrystalline silicon layer 3 is used 
as a material of the lower electrode 8, and a leakage- 
current preventing member is configured of the lower 
electrode 8 and the undoped polycrystalline silicon layer 
3. For the material of the lower electrode 8, for example, 
Cu, Pd, Ag, Al, 71, Mn, Pb, Bi, Ni, Cr, Fe, Mg, Pt, Be, Sn, 
Ba, In, Co, Sb, IrSi, PtSi, Pt 2 Si, MnSi, Pb 2 Si, C0 2 Si, Ni- 
Si, Ni 2 Si, or WSi may be used. 

[0113] Thus, in Embodiment 7, in addition to the drift 
layer 6, the leakage-current preventing member is pro- 
vided between the surface electrode 7 and the lower 
electrode 8 to prevent leakage current from flowing to 
the surface electrode 7 from the lower electrode 8. Con- 
sequently, without reducing the per-unit-area field emis- 
sion area in comparison to the conventional cases, a 
leakage-current flow can be prevented, and a reduction 
in power consumption can be implemented. In addition, 
in comparison to Embodiments 1 to 5, the configuration 
can be simplified since a rectification property of the 
Schottky junction between the lower electrode 8 and the 
undoped polycrystalline silicon layer 3 can be used to 
prevent a leakage-current flow, avoiding needs for ad- 
ditionally providing a junction such as a pn junction or a 
pin junction. 

(EMBODIMENT 8) 

[01 1 4] Hereinbelow, Embodiment 8 of the present in- 
vention will be described. The basic configuration of an 
electron source 10 according to Embodiment 8 is sub- 
stantially the same as that of the conventional electron 
source 10" shown in Fig. 46. However, the following as- 
pects are different. 

[0115] In specific, as shown in Fig. 8, an electrocon- 
ductive layer 8 (lower electrode) made of a thin metal 
film (such as a thin tungsten film) is formed on one sur- 
face of a dielectric substrate 11, and a drift layer 6 is 
formed on the electroconductive layer 8, in which the 
drift layer 6 includes a drift portion 6a formed of an oxi- 
dized porous polycrystalline silicon layer, and isolating 
portion 6b that is formed of a polycrystalline silicon layer 
and that is formed around the drift portions 6a. A surface 
electrode 7 made of a thin metal film (such as a gold 
film) is formed on the drift layer 6. The drift layer 6 is 
formed such that after an undoped polycrystalline silicon 
layer is overlaid on the entire portion on the side of the 
surface of the dielectric substrate 11 on which the lower 
electrode 8 is formed, a portion of the polycrystalline sil- 
icon layer which corresponds to the drift portion 6a is 
formed porous according to an anodic oxidation treat- 
ments thereby form a porous polycrystalline silicon lay- 
er; and the porous polycrystalline silicon layer is oxi- 
dized by using, for example, a rapid thermal technique. 
The thickness of the electroconductive layer 8 is set to 



200 nm, the thickness of the drift layer 6 is set to 1 .5 urn, 
the thickness of the drift portion 6a is set to 1 .0 um and 
the film thickness of the surface electrode 7 is set to 15 
nm. However, these numerical values are examples; 
s that is, the thicknesses are not limited thereto. In Em- 
bodiment 8, the dielectric substrate 11 forms the sub- 
strate. 

[01 16] In the drift layer 6 of the electron source 1 0 ac- 
cording to Embodiment 8, when forming the drift portion 

10 6a, the undoped polycrystalline silicon layer is made po- 
rous from the side of the surface in the depth direction, 
and the porous formation is terminated on a way so that 
the porous portion does not reach the electroconductive 
layer 8. As such, a semiconductor layer 3 formed of a 

15 portion of the polycrystalline silicon layer is interposed 
between the drift portion 6a and the electroconductive 
layer 8. However, the undoped polycrystalline silicon 
layer may be formed porous from the side of the surface 
thereof in the depth direction up to a portion reaching 

20 the electroconductive layer 8, and the drift portion 6a 
may be formed on the electroconductive layer 8 without 
the semiconductor layer 3 being interposed. 
[0117] The basic performance of the electron source 
10 according to Embodiments is substantially the same 

25 as that of the conventional electron source 10 n shown 
in Figs. 46 and 47; hence, a detailed description thereof 
is omitted herefrom. In addition, the electron emission 
process is substantially the same as in the cases of the 
conventional electron sources 10' and 10" (refer to Fig. 

30 45); hence, a detailed description thereof is omitted 
herefrom. 

[0118] In Embodiments, the drift portion 6a is formed 
of the oxidized porous polycrystalline silicon layer. How- 
ever, the drift portion 6a may be formed of a nitrided po- 

35 rous polycrystalline silicon layer. Alternatively, the drift 
portion 6a may be formed of an oxidized or nitrided po- 
rous semiconductor layer, which is different from the po- 
rous polycrystalline silicon layer. When the drift portion 
6a is formed of a nitrided porous polycrystalline silicon 

40 layer, a silicon nitride film is formed for either the silicon 
oxide film 52 or 64 shown in the Fig. 45. 
[0119] The electron source 10 of Embodiment 8 is 
characterized in that insulator films 16 are each inter- 
posed between a vicinity of a boundary to the isolating 

45 portion 6b in the drift portion 6a and the surface elec- 
trode 7. Specifically, in the drift portion 6a, while the sur- 
face electrode 7 is overlaid in a central portion, the in- 
sulator films 1 6 each formed in the vicinity of the bound- 
ary to the isolating portion 6b. In this particular case, the 

so insulator films 16 are formed of a silicon oxide film. How- 
ever, the material of the insulator film 1 6 is not limited 
to the silicon oxide film. For example, the insulator film 
16 may be formed of a silicon nitride film. 
[0120] As above, in the electron source 1 0 of Embod- 

55 jment 8, since the insulator film 1 6 is interposed between 
the vicinity of the boundary to the isolating portion 6b in 
the drift portion 6a and the surface electrode 7, the field 
intensity in the aforementioned vicinity of the boundary 
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becomes sufficiently lower than the field intensity in the 
central portion of the drift portion 6a. As such, most elec- 
trons drifting in the drift portion 6a are led to pass 
through the central portion of the drift portion 6a, thereby 
enabling excessive electrons to be prevented from be- 
ing emitted through the aforementioned vicinity of the 
boundary. Moreover, since the field intensity in the 
aforementioned vicinity of the boundary becomes lower 
than the field intensity in the central portion, dielectric 
breakdown that can occur in the aforementioned vicinity 
of the boundary can be prevented, and an overcurrent 
can be prevented from locally flowing between the elec- 
troconductive layer 8 and the surface electrode 7. Fur- 
thermore, in the electron source 10 of Embodiment 8, 
as in the conventional electron source 1 0' shown in Fig. 
43, the dependency to the degree of vacuum as an elec- 
tron emission property is reduced. Concurrently, a pop- 
ping phenomenon does not occur during electron emis- 
sion, and electrons can stably be emitted at high elec- 
tron emission efficiency. 

[0121] In Embodiment 8, the insulator film 16 forms a 
field-moderating member (field-moderating means) that 
reduces the field intensity in the vicinity of the boundary 
to the isolating portion 6b to be lower than the field in- 
tensity in the central portion of the drift portion 6a. Spe- 
cifically, the field-moderating member is formed of the 
insulator film 16 interposed between the aforemen- 
tioned vicinity of the boundary and the surface electrode 
7. As such , when a matrix structure is employed in which 
a plurality of the surface electrodes 7 and a plurality of 
the electroconductive layers 8 are arranged in directions 
intersecting with each other, portions between individual 
pairs of the adjacent surface electrodes 7 can be insu- 
lated by the insulator films 16. 

(EMBODIMENT 9) 

[01 22] Hereinbelow, Embodiment 9 of the present in- 
vention will be described. The basic configuration of an 
electron source 10 according to Embodiment 9 is sub- 
stantially the same as that of the conventional electron 
source 10" shown in Fig. 46. However, the following as- 
pects are different. 

[0123] In specific; as shown in Fig. 9, an electrocon- 
ductive layer 8 made of a thin metal film (such as a thin 
tungsten film) is formed on one surface of a dielectric 
substrate 11 , and insulator films 17 each made of a sil- 
icon oxide film patterned to have a predetermined shape 
are formed on the electroconductive layer 8. A drift layer 
6 is formed on the side of the surface of the dielectric 
substrate 11 on which the electroconductive layer 8 and 
the insulator films 17 are formed, in which the drift layer 

6 includes a drift portion 6a formed of an oxidized porous 
polycrystalline silicon layer, and isolating portion 6b that 
is formed of a polycrystalline silicon layer and that is 
formed around the drift portions 6a. A surface electrode 

7 made of a th in metal film (such as a gold f i Im) is formed 
on the drift layer 6. The drift layer 6 is formed such that 



after an undoped polycrystalline silicon layer is overlaid 
on the entire portion on the side of the surface of the 
dielectric substrate 11 on which the lower electrode 8 
and the insulator films 17 are formed, a portion of the 

5 polycrystalline silicon layer which corresponds to the 
drift portion 6a is formed porous according to an anodic 
oxidation treatment to thereby form a porous polycrys- 
talline silicon layer; and the porous polycrystalline sili- 
con layer is oxidized by using, for example, a rapid ther- 

10 mal technique. The thickness of the electroconductive 
layer 8 is set to 200 nm, the thickness of thickness of 
the drift layer 6 is set to 1 .5 ujti, the thickness of the drift 
portion 6a is set to 1 .0 .urn; and the film thickness of the 
surface electrode 7 is set to 15 nm. However, these nu- 

15 merical values are examples; that is, the thicknesses 
are not limited thereto. In Embodiment 9 : the dielectric 
substrate 11 forms the substrate. 
[01 24] In the drift layer 6 of the electron source 1 0 ac- 
cording to Embodiment 9, when forming the drift portion 

20 6a, the undoped polycrystalline silicon layer is made po- 
rous from the side of the surface in the depth direction, 
and the porous formation is terminated on a way so that 
the porous portion does not reach the electroconductive 
layer 8. As such, a semiconductor layer 3 formed of a 

25 portion of the polycrystalline silicon layer is interposed 
between the drift portion 6a and the electroconductive 
layer 8. However, the undoped polycrystalline silicon 
layer may be formed porous from the side of the surface 
thereof in the depth direction up to a portion reaching 

30 the electroconductive layer 8, and the drift portion 6a 
may be formed on the electroconductive layer 8 without 
the semiconductor layer 3 being interposed. 
[0125] The basic performance of the electron source 
1 0 according to Embodiment 9 is substantially the same 

35 as that of the conventional electron source 10° shown 
in Figs. 46 and 47; hence, a detailed description thereof 
is omitted herefrom. In addition, the electron emission 
process is substantially the same as in the cases of the 
conventional electron sources 1 0' and 10" (refer to Fig. 

40 45); hence, a detailed description thereof is omitted 
herefrom. 

[01 26] In Embodiment 9, the drift portion 6a is formed 
of. the oxidized porous polycrystalline silicon layer. 
However, the drift portion 6a may be formed of a nitrided 

45 porous polycrystalline silicon layer. Alternatively the 
drift portion 6a may be formed of an oxidized or nitrided 
porous semiconductor layer, which is different from the 
porous polycrystalline silicon layer. When the drift por- 
tion 6a is formed of a nitrided porous polycrystalline sil- 

50 icon layer, a silicon nitride film is formed for either the 
silicon oxide film 52 or 64 shown in the Fig. 45. 
[0127] The electron source 10 of Embodiment 9 is 
characterized in that the insulator films 17 are each in- 
terposed between a vicinity of the boundary to the iso- 

55 lating portion 6b in the drift portion 6a and the electro- 
conductive layer 8. Specifically, in the drift portion 6a, 
while only the semiconductor layer 3 is interposed be- 
tween portions interfacing with the electroconductive 
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layer 8 in a central portion thereof, the semiconductor 
layer 3 and the insulator films 17 are interposed in the 
vicinity of the boundary. In Embodiment 9, the insulator 
films 17 are formed of a silicon oxide film. However, the 
material of the insulator film 1 7 is not limited to the silicon 
oxide film. For example, the insulator film 17 may be 
formed of a silicon nitride film. 

[0128] As above, in the electron source 1 0 of Embod- 
iment 9, since the insulator film 17 is each interposed 
between the vicinity of the boundary to the isolating por- 
tion 6b in the drift portion 6a and the electroconductive 
layer 8, the field intensity in the aforementioned vicinity 
of the boundary becomes sufficiently lowerthan the field 
intensity in the central portion of the drift portion 6a. As 
such, most electrons drifting in the drift portion 6a are 
led to pass through the central portion of the drift portion 
6a. Consequently, excessive electrons can be prevent- 
ed from being emitted through the aforementioned vi- 
cinity of the boundary. Moreover, since the field intensity 
in the aforementioned vicinity of the boundary becomes 
lowerthan the field intensity in the central portion, die- 
lectric breakdown that can occur in the aforementioned 
vicinity of the boundary can be prevented, and an over- 
current can be prevented from locally flowing between 
the electroconductive layer 8 and the surface electrode 
7. Furthermore, in the electron source 10 of Embodi- 
ments, as in the conventional electron source 10' shown 
in Fig. 43, the dependency to the degree of vacuum as 
an electron emission property is reduced. Concurrently, 
a popping phenomenon does not occur during electron 
emission, and electrons can stably be emitted at high 
electron emission efficiency. 

[0129] In Embodiment 9, the insulator film 17 forms a 
field-moderating member (field-moderating means) that 
reduces the field intensity in the vicinity of the boundary 
to the isolating portion 6b to be lower than the field in- 
tensity in the central portion of the drift portion 6a. Spe- 
cifically, the field-moderating member is formed of the 
insulator film 17 interposed between the aforemen- 
tioned vicinity of the boundary and the surface electrode 
7. As such, when a matrix structure is employed in which 
a plurality of the surface electrodes 7 and a plurality of 
the electroconductive layers 8 are arranged in directions 
intersecting with each other, occurrence of crosstalk can 
be prevented. 

(EMBODIMENT 10) 

[0130] Hereinbelow, Embodiment 10 of the present 
invention will be described. The basic configuration of 
an electron source 10 according to Embodiment 10 is 
substantially the same as that of the conventional elec- 
tron source 10" shown in Fig. 46. However, the following 
aspects are different. 

[0131] In specific, as shown in Fig. 10, an lectrocon- 
ductive layer 8 made of a thin metal film (such as a thin 
tungsten film) is formed on one surface of a dielectric 
substrate 11 , and a drift layer 6 is formed on the elec- 



troconductive layer 8, in which the drift layer 6 includes 
a drift portion 6a formed of an oxidized porous polycrys- 
talline silicon layer, and isolating portion 6b that is 
formed of a polycrystalline silicon layer and that is 

5 formed around the drift portions 6a. A surface electrode 
7 made of a thin metal film (such as a gold film) is formed 
on the drift layer 6. The drift layer 6 is formed such that 
after an undoped polycrystalline silicon layer is overlaid 
on the side of the surface of the dielectric substrate 11 , 

10 a portion of the polycrystalline silicon layer which corre- 
sponds to the drift portion 6a is formed porous according 
to an anodic oxidation treatment to thereby form a po- 
rous polycrystalline silicon layer; and the porous poly- 
crystalline silicon layer is oxidized by using, for example, 

15 a rapid thermal technique.. The thickness of the electro- 
conductive layer 8 is set to 200 nm, the thickness of the 
drift layer 6 is set to 1.5 urn, the thickness of the drift 
portion 6a is set to 1 .0 am, and the film thickness of the 
surface electrode 7 is set to 15 nm. However, these nu- 

20 merical values are examples; that is, the thicknesses 
are not limited thereto. In Embodiment 1 0, the dielectric 
substrate 11 forms the substrate. 
[0132] The basic performance of the electron source 
10 according to Embodiment 10 is substantially the 

25 same as that of the conventional electron source 
10" shown in Figs. 46 and 47; hence, a detailed descrip- 
tion thereof is omitted herefrom. In addition, the electron 
emission process is substantially the same as in the cas- 
es of the conventional electron sources 10' and 10" (re- 

30. fer to Fig. 45); hence, a detailed description thereof is 
omitted herefrom. 

[0133] In Embodiment 10, the drift portion 6a is 
formed of the oxidized porous polycrystalline silicon lay- 
er. However, the drift portion 6a may be formed of a ni- 

35 trided porous polycrystalline silicon layer. Alternatively, 
the drift portion 6a may be formed of an oxidized or ni- 
trided porous semiconductor layer, which is different 
from the porous polycrystalline silicon layer. When the 
drift portion 6a is formed of a nitrided porous polycrys- 

40 talline silicon layer, a silicon nitride film is formed for ei- 
ther the silicon oxide film 52 or 64 shown in the Fig. 45. 
[0134] The electron source 10 of Embodiment 10 is 
characterized in that a high-resistance first semiconduc- 
tor layer 23b is interposed between a vicinity of the 

45 boundary to the isolating portion 6b in the drift portion 
6a and the electroconductive layer 8, and a low-resist- 
ance second semiconductor layer 23a is interposed be- 
tween the central portion in the drift portion 6a and the 
electroconductive layer 8. The second semiconductor 

50 layer 23a is doped with an impurity to cause the resist- 
ance thereof to be sufficiently lower in comparison to 
that of the first semiconductor layer 23b. For performing 
doping with the impurity, for example, an ion implanta- 
tion technique or a diffusion technique may be used. 

55 [0135] As above, in the electron source 1 0 of Embod- 
iment 1 0, the first semiconductor layer 23b is interposed 
between the vicinity of the boundary to the isolating por- 
tion 6b in the drift portion 6a and the electroconductive 
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layer 8, and the second semiconductor layer 23a having 
a resistance sufficiently lower than that of the first sem- 
iconductor layer 23b is interposed between the central 
portion of the drift portion 6a and the electroconductive 
layer 8. Accordingly, the field intensity in the aforemen- 5 
tioned vicinity of the boundary becomes sufficiently low- 
er than the field intensity in the central portion of the drift 
portion 6a. Because of this arrangement, most electrons 
drifting in the drift portion 6a are led to pass through the 
central portion of the drift portion 6a. Consequently, ex- 10 
cessive electrons can be prevented from being emitted 
through the aforementioned vicinity of the boundary. 
Moreover, since the field intensity in the aforementioned 
vicinity of the boundary becomes lower than the field in- 
tensity in the central portion, dielectric breakdown that 15- 
can occur in the aforementioned vicinity of the boundary 
can be prevented, and an overcurrent can be prevented 
from locally flowing between the electroconductive layer 
8 and the surface electrode 7. In the electron source 10 
of Embodiment 10, as in the conventional electron 20 
source 10' shown in Fig. 43, the dependency to the de- 
gree of vacuum as an electron emission property is re- 
duced. Concurrently, a popping phenomenon does not 
occur during electron emission, and electrons can stably 
be emitted at high electron emission efficiency. 25 
[0136] In Embodiment 10, the first semiconductor lay- 
er 23b and the second semiconductor layer 23a form a 
field-moderating member that reduces the field intensity 
in the vicinity of the boundary to the isolating portion 6b 
to be lower than the field intensity in the central portion 30 
of the drift portion 6a. That is, since the field-moderating 
member is formed of the high-resistance first semicon- 
ductor Iayer23b, which is interposed between the afore- 
mentioned vicinity of the boundary and the electrocon- 
ductive layer 8, and the low- resistance second semicon- 35 
ductor layer 23a, which is interposed between the cen- 
tral portion of the drift portion 6a and the electroconduc- 
tive layer 8, restrictions for patterns of the individual sur- 
face electrode 7 and electroconductive layer 8 can be 
eliminated. 40 

(EMBODIMENT 11) 

[0137] Hereinbelow, Embodiment 11 of the present in- 
vention will be described. The basic configuration of an 45 
electron source 10 according to Embodiment 11 is sub- 
stantially the same as that of the conventional electron 
source 10" shown in Fig. 46. However, the following as- 
pects are different. 

[0138] In specific, as shown in Fig. 11 , an electrocon- so 
ductive layer 8 made of a thin metal film (such as a thin 
tungsten film) is formed on one surface of a dielectric 
substrate 11 , and a drift layer 6 is formed on the elec- 
troconductive layer 8, in which the drift layer 6 includes 
a drift portion 6a formed of an oxidized porous polycrys- 55 
talline silicon layer, and isolating portion 6b that is 
formed of a polycrystalline silicon layer and that is 
formed around the drift portions 6a. A surface electrode 



7 made of a thin metal film (such as a gold film) is formed 
on the drift layer 6. The drift layer 6 is formed such that 
after an undoped polycrystalline silicon layer is overlaid 
on the side of the surface of the dielectric substrate 11 
on which the electroconductive layer 8 is formed, a por- 
tion of the polycrystalline silicon layer which corre- 
sponds to the drift portion 6a is formed porous according 
to an anodic oxidation treatment to thereby form a po- 
rous polycrystalline silicon layer; and the porous poly- 
crystalline silicon layer is oxidized by using, for example, 
a rapid thermal technique. The thickness of the electro- 
conductive layer 8 is set to 200 nm, the thickness of the 
drift layer 6 is set to 1 .5 urn, the thickness of the drift 
portion 6a is set to 1 .0 am, and the film thickness of the 
surface electrode 7 is set to 15 nm. However, these nu- 
merical values are examples; that is, the thicknesses 
are not limited thereto. In Embodiment 1 1 , the dielectric 
substrate 11 forms the substrate. 
[01 39] In the drift layer 6 of the electron source 1 0 ac- 
cording to Embodiment 11 , when forming the drift por- 
tion 6a, the undoped polycrystalline silicon layer is made 
porous from the side of the surface in the depth direc- 
tion, and the porous formation is terminated on a way 
so that the porous portion does not reach the electro- 
conductive layer 8. As such, a semiconductor layer 3 
formed of a portion of the polycrystalline silicon layer is 
interposed between the drift portion 6a and the electro- 
conductive layer 8. However, the undoped polycrystal- 
line silicon layer may be formed porous from the side of 
the surface thereof in the depth direction up to a portion 
reaching the electroconductive layer 8, and the drift por- 
tion 6a may be formed on the electroconductive layer 8 
without the semiconductor layer 3 being interposed. 
[0140] The basic performance of the electron source 
10 according to Embodiment 11 is substantially the 
same as that of the conventional electron source 
1 0" shown in Figs. 46 and 47; hence, a detailed descrip- 
tion thereof is omitted herefrom. In addition, the electron 
emission process is substantially the same as in the cas- 
es of the conventional electron sources 1 0' and 1 0" (re- 
fer to Fig. 45); hence, a detailed description thereof is 
omitted herefrom. 

[0141] In Embodiment 11, the drift portion 6a is 
formed of the oxidized porous polycrystalline silicon lay- 
er. However, the drift portion 6a may be formed of a ni- 
trided porous polycrystalline silicon layer. Alternatively, 
the drift portion 6a may be formed of an oxidized or ni- 
trided porous semiconductor layer, which is different 
from the porous polycrystalline silicon layer. When the 
drift portion 6a is formed of a nitrided porous polycrys- 
talline silicon layer, a silicon nitride film is formed for ei- 
ther the silicon oxide film 52 or 64 shown in the Fig. 45. 
[0142] The electron source 10 of Embodiment 11 is 
characterized in that, cutout portions 7a are each 
formed in the surface electrode 7 in a region of the drift 
portion 6a which overlaps with the vicinity of the bound- 
ary to the isolating portion 6b. That is, in the drift portion 
6a, while the surface electrode 7 is overlaid in a central 
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portion, the surface electrode 7 does not exist in the 
aforementioned vicinity of the boundary. Specifically, in 
the left-right direction in Fig. 1 1 , the width of the surface 
electrode 7 is smaller than the width of the drift portion 
6a, and two ends of the surface electrode 7 are posi- 
tioned more inwardly than two ends of the drift portion 
6a. 

[0143] As above, in the electron source 1 0 of Embod- 
iment 11 , the cutout portion 7a is formed in the surface 
electrode 7 in the region overlapping with the vicinity of 
the boundary to the isolating portion 6b. Accordingly, the 
field intensity in the aforementioned vicinity of the 
boundary becomes sufficiently lower than the field in- 
tensity in the central portion of the drift portion 6a. Be- 
cause of this arrangement, most electrons drifting in the 
drift portion 6a are led to pass th rough the central portion 
of the drift portion 6a. Consequently, excessive elec- 
trons can be prevented from being emitted through the 
aforementioned vicinity of the boundary. Moreover, 
since the field intensity in the aforementioned vicinity of 
the boundary becomes lower than the field intensity in 
the central portion, dielectric breakdown that can occur 
in the aforementioned vicinity of the boundary can be 
prevented, and an overcurrent can be prevented from 
locally flowing between the electroconductive layer 8 
and the surface electrode 7. In the electron source 10 
of Embodiment 11, as in the conventional electron 
source 10' shown in Fig. 43, the dependency to the de- 
gree of vacuum as an electron emission property is re- 
duced. Concurrently a popping phenomenon does not 
occur during electron emission, and electrons can stably 
be emitted at high electron emission efficiency. 
[0144] In Embodiment 11 , the cutout portion 7a in the 
surface electrode 7 forms a field-moderating member 
that reduces the field intensity in the vicinity of the 
boundary to the isolatingportion 6b to be lower than the 
field intensity in the central portion of the drift portion 6a. 
Consequently, excessive electrons can be prevented 
from being emitted only by changing the pattern of the 
surface electrode 7 (i.e., only by changing a mask for 
patterning the surface electrode 7). 

(EMBODIMENT 12) 

[0145] Hereinbelow, Embodiment 12 of the present 
invention will be described. The basic configuration of 
an electron source 10 according to Embodiment 12 is 
substantially the same as that of the conventional elec- 
tron source 1 0" shown in Fig. 46 . However, the following 
aspects are different. 

[0146] In specific, as shown in Fig. 12, an electrocon- 
ductive layer 8 made of a thin metal film (such as a thin 
tungsten film) is formed on one surface of a dielectric 
substrate 11 , and a drift layer 6 is formed on the elec- 
troconductive layer 8, in which the drift layer 6 includes 
a drift portion 6a formed of an oxidized porous polycrys- 
talline silicon layer, and isolating portion 6b that is 
formed of a polycrystalline silicon layer and that is 



formed around the drift portions 6a. A surface electrode 
7 made of a thin metal film (such as a gold film) and 
patterned to have a predetermined shape is formed on 
the drift layer 6. The drift layer 6 is formed such that after 
5 an undoped polycrystalline silicon layer is overlaid on 
the side of the surface of the dielectric substrate 11 on 
which the electroconductive layer 8 is formed, a portion 
of the polycrystalline silicon layer which corresponds to 
the drift portion 6a is formed porous according to an 
10 anodic oxidation treatment to thereby form a porous 
polycrystalline silicon layer; and the porous polycrystal- 
line silicon layer is oxidized by using, for example, a rap- 
id thermal technique. The thickness of the electrocon- 
ductive layer 8 is set to 200 nm, the thickness of the drift 
15 layer 6 is set to 1 .5 ujn, the thickness of the drift portion 
6a is set to 1 .0 ujti, and the film thickness of the surface 
electrode 7 is set to 15 nm. However, these numerical 
values are examples; that is, thethicknesses are not lim- 
ited thereto. In Embodiment 12, the dielectric substrate 
20 11 forms the substrate. 

[0147] In the drift layer 6 of the electron source 10 ac- 
cording to Embodiment 12, when forming the drift por- 
tion 6a, the undoped polycrystalline silicon layerismade 
porous from the side of the surface in the depth direc- 
25 tion, and the porous formation is terminated on a way 
so that the porous portion does not reach the electro- 
conductive layer 8. As such, a semiconductor layer 3 
formed of a portion of the polycrystalline silicon layer is 
interposed between the drift portion 6a and the electro- 
30 conductive layer 8. However, the undoped polycrystal- 
line silicon layer may be formed porous from the side of 
the surface thereof in the depth direction up to a portion 
reaching the electroconductive layer 8, and the drift por- 
tion 6a may be formed on the electroconductive layer 8 
35 without the semiconductor layer 3 being interposed. 
[0148] The basic performance of the electron source 
10 according to Embodiment 12 is substantially the 
same as that of the conventional electron source 
1 0" shown in Figs. 46 and 47; hence, a detailed descrip- 
40 tion thereof is omitted herefrom. In addition, the electron 
emission process is substantially the same as in the cas- 
es of the conventional electron sources 1 0' and 1 0" (re- 
fer to Fig. 45); hence, a detailed description thereof is 
omitted herefrom. 
45 [0149] In Embodiment 12, the drift portion 6a is 
formed of the oxidized porous polycrystalline silicon lay- 
er. However, the drift portion 6a may be formed of a ni- 
trided porous polycrystalline silicon layer. Alternatively, 
the drift portion 6a may be formed of an oxidized or ni- 
50 trided porous semiconductor layer, which is different 
from the porous polycrystalline silicon layer. When the 
drift portion 6a is formed of a nitrided porous polycrys- 
talline silicon layer, a silicon nitride film is formed for ei- 
ther the silicon oxide film 52 or 64 shown in the Fig. 45. 
55 [0150] The electron source 10 of Embodiment 12 is 
characterized in that, cutout portions 8c are each formed 
in the surface electrode 8 in a region of the drift portion 
6a which overlaps with the vicinity of the boundary to 
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the isolating portion 6b. That is, while the electrocon- 
ductive layer 8 is formed in a portion overlapping with a 
central portion of the drift portion 6a, the electroconduc- 
tive layer 8 does not exist in the aforementioned vicinity 
of the boundary. Specifically, in the left-right direction in 
Fig. 12, the width of the surface electrode 7 is smaller 
than the width of the electroconductive layer 8. Concur- 
rently, two ends of the electroconductive layer 8 are po- 
sitioned more inwardly than two ends of the drift portion 
6a. 

[0151] As above, in the electron source 10 of Embod- 
iment 12, the cutout portion 8c is each formed in the 
electroconductive layer 8 in the region overlapping with 
the vicinity of the boundary to the isolating portion 6b. 
Accordingly, the field intensity in the aforementioned vi- 
cinity of the boundary becomes sufficiently lower than 
the field intensity in the central portion of the drift portion 
6a. Because of this arrangement, most electrons drifting 
in the drift portion 6a are led to pass through the central 
portion of the drift portion 6a. Consequently, excessive 
electrons can be prevented from being emitted through 
the aforementioned vicinity of the boundary. Moreover, 
since the field intensity in the aforementioned vicinity of 
the boundary becomes lower than the field intensity in 
the central portion, dielectric breakdown that can occur 
in the aforementioned vicinity of the boundary can be 
prevented, and an overcurrent can be prevented from 
locally flowing between the electroconductive layer 8 
and the surface electrode 7. In the electron source 10 
of Embodiment 12, as in the conventional electron 
source 10' shown in Fig. 43, the dependency to the de- 
gree of vacuum as an electron emission property is re- 
duced. Concurrently, a popping phenomenon does not 
occur during electron emission, and electrons can stably 
be emitted at high electron emission efficiency. 
[0152] In Embodiment 12, the cutout portion 8c in the 
electroconductive layer 8 forms a field-moderating 
member that reduces the field intensity in the vicinity of 
the boundary to the isolating portion 6b to be lower than 
the field intensity in the central portion of the drift portion 
6a. Consequently, in Embodiment 12, excessive elec- 
trons can be prevented from being emitted only by 
changing the pattern of the electroconductive layer 8 (i. 
e. t only by changing a mask for patterning the electro- 
conductive layer 8). 

(EMBODIMENT 13) 

[0153] Hereinbelow, Embodiment 13 of the present 
invention will be described. The basic configuration of 
an electron source 10 according to Embodiment 13 is 
substantially the same as that of the conventional elec- 
tron source 1 0" shown in Fig. 48 . However, the following 
aspects are different. 

[0154] In specific, as shown in Fig. 13, the configura- 
tion includes a dielectric substrate 1 1 made of glass sub- 
strate; a plurality of lower electrodes 8 that ar formed 
of an electroconductive layer and that are arranged on 



one surface of the dielectric substrate 1 1 ; a drift layer 6 
including a plurality of drift portions 6a that are formed 
of an oxidized porous polycrystalline silicon layer and 
that are individually formed in such a manner as to over- 

5 lap with the lower electrodes 8, and a plurality of isolat- 
ing portions 6b that are formed of a polycrystalline sili- 
con layer and that each fill up a space between the drift 
portions 6a; and a plurality of surface electrodes 7 ar- 
ranged in directions intersecting with (perpendicular to) 

10 each other in such a manner as to cross the drift portions 
6a and the isolating portions 6b on the drift layer 6. The 
lower electrodes 8 are formed of a thin tungsten film. 
The surface electrodes 7 are formed of an electrocon- 
ductive thin film made of a gold film. The thickness of 

15 the lower electrode 8 is set to 200 nm, and the thickness 
of the surface electrode 7 is set to 15 nm. However, 
these thicknesses are not limited to the above numerical 
values. The thickness of the drift layer 6 is set to 1 .5 u.m; 
and the thickness of the drift portion 6a is set to 1 .5 pm. 

20 The thicknesses of the drift layer 6 and the drift portion 
6a are not limited to the above numerical values. In Em- 
bodiment 1 3, the dielectric substrate 11 forms the sub- : 
strate. 

[01 55] In substantially the same manner as that in the 

25 conventional electron source 10" shown in Fig. 48, in 
the electron source 10 of Embodiment 13, the drift por- 
tions 6a of the drift layer 6 are sandwiched between the 
plurality of lower electrodes 8 and the plurality of surface 
electrodes 7. As such, when an associated set of the 

30 surface electrode 7 and the lower electrode 8 is appro- 
priately selected, and voltage is applied into the selected . 
set, a strong field is applied only to the drift portion 6a 
in the position corresponding to the intersection of the - 
selected surface electrode 7 and lower electrode 8 ; and 

35 electrons are thereby emitted. Specifically, as in a case 
where electron sources are individually disposed at in- 
tersections in a check pattern formed of the surface 
electrodes 7 and the lower electrodes 8, when an asso- 
ciated set of the surface electrode 7 and the lower elec- 

40 trode 8 is selected, electrons can be emitted from a de- 
sired intersection. The voltage to be applied between 
the surface electrode 7 and the lower electrode 8 is set 
to a range of from 10 to 20 V. Each of the surface elec- 
trodes 7 is formed as a stripe having two end portions 

45 jn a longitudinal direction on which pads 27 are individ- 
ually formed. Similarly, each of the lower electrodes 8 is 
formed as a stripe having two end portions in a longitu- 
dinal direction on which pads 28 are individually formed. 
[0156] The basic performance of the electron source 

so 10 according to Embodiment 13 is substantially the 
same as that of the conventional electron source 
10" shown in Figs. 46 and 47; hence, a detailed descrip- 
tion thereof is omitted herefrom, in addition, the electron 
emission process and a microstructure of the drift layer 

55 6 (drift portion 6a) are substantially the same as in the 
cases of the conventional electron sources 10' and 1 0" 
(refer to Fig. 45); hence, a detailed description thereof 
is omitted herefrom. 
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[0157] In Embodiment 13, the drift portion 6a is 
formed of the oxidized porous polycrystalline silicon lay- 
er. However, the drift portion 6a may be formed of a ni- 
trided porous polycrystalline silicon layer. Alternatively, 
the drift portion 6a may be formed of an oxidized or ni- 
trided porous semiconductor layer which is different 
from the porous polycrystalline silicon layer. When the 
drift portion 6a is formed of a nitrided porous polycrys- 
talline silicon layer, a silicon nitride film is formed for ei- 
ther the silicon oxide film 52 or 64 shown in the Fig. 45. 
[0158] The electron source 10 of Embodiment 13 is 
characterized in that insulator films 16 are each inter- 
posed between a vicinity of the boundary to the isolating 
portion 6b in the drift portion 6a and the surface elec- 
trode 7. Specifically, in the drift portion 6a, while the sur- 
face electrode 7 is overlaid in a central portion thereof, 
the insulator films 1 6 each formed in the aforementioned 
vicinity of the boundary. In addition, insulator films 26 
formed of a silicon oxide film are each formed on the 
side of the surface of the drift portion 6a in such a man- 
ner as to overlap with the adjacent surface electrodes 
7. In the insulator film 26, two end portions in the longi- 
tudinal direction of the drift portion 6a overlap with an 
end portion in the width direction of each of the surface 
electrodes 7. 

[0159] In Embodiment 13, the individual insulator 
films 1 6 and 26 are formed of a silicon oxide film. How- 
ever, the material is not limited to the silicon oxide films, 
and the films may be formed of, for example, a silicon 
nitride film. 

[0160] As above, in the electron source 10 of Embod- 
iment 13, since the insulator film 16 is interposed be- 
tween the vicinity of the boundary to the isolating portion 
6b in the. drift portion 6a and the surface electrode 7, the 
field intensity in the aforementioned vicinity of the 
boundary becomes sufficiently lower than the field in- 
tensity in the central portion of the drift portion 6a. As 
such, most electrons drifting in the drift portion 6a are 
led to pass through the central portion of the drift portion 
6a. Thereby, excessive electrons can be prevented from 
being emitted through the aforementioned vicinity of the 
boundary. In addition, an individual space between the 
surface electrodes 7 can be insulated by the insulator 
film 16. Moreover, since the insulator films 26 made of 
the silicon oxide film are each formed on the side of the 
surface of the drift layer 6 in such a manner as to overlap 
with the adjacent surface electrodes 7, electrons can be 
prevented from being emitted through portions between 
individual pairs of the adjacent surface electrodes 7; and 
concurrently, crosstalk can be prevented. Furthermore, 
since the field intensity in the aforementioned vicinity of 
the boundary becomes lower than the field intensity in 
the central portion, dielectric breakdown that can occur 
in the aforementioned vicinity of the boundary can be 
prevented, and an overcurrent can be prevented from 
locally flowing between the lower electrode 8 and the 
surfac electrode 7. In the electron source 1 0 of Embod- 
iment 13, as in the conventional electron source 10* 



shown in Fig. 43, the dependency to the degree of vac- 
uum as an electron emission property is reduced. Con- 
currently, a popping phenomenon does not occur during 
electron emission, and electrons can stably be emitted 

5 at high electron emission efficiency. 

[0161] In Embodiment 13, the insulator film 16 forms 
a field-moderating member that reduces the field inten- 
sity in the vicinity of the boundary to the isolating portion 
6b to be lower than the field intensity in the central por- 

10 tion of the drift portion 6a. 

(EMBODIMENT 14) 

[0162] Hereinbelow, Embodiment 14 of the present 

15 invention will be described. The basic configuration of 
an electron source 10 according to Embodiment 14 is 
substantially the same as that of the conventional elec- 
tron source 1 0" shown in Fig. 48. However, the following 
aspects are different. 

20 [0163] In specific, as shown in Fig. 14, the configura- 
tion includes a dielectric substrate 1 1 made of glass sub- 
strate; a plurality of lower electrodes 8 that are formed 
of an electroconductive layer and that are arranged on 
one surface of the dielectric substrate 1 1 ; a drift layer 6 

25 including a plurality of drift portions 6a that are formed 
of an oxidized porous polycrystalline silicon layer and 
that are individually formed in such a manner as to over- 
lap with the lower electrodes 8, and a plurality of isolat- 
ing portions 6b that are formed of a polycrystalline sili- 

30 con layer and that each fill up a space between the drift 
portions 6a; and a plurality of surface electrodes 7 ar- 
ranged in directions intersecting with (perpendicular to) 
the lower electrodes 8 in such a manner as to cross the 
drift portions 6a and the isolating portions 6b on the drift 

35 layer 6. The lower electrodes 8 are formed of a thin tung- 
sten film. The surface electrodes 7 are formed of an 
electroconductive thin film made of a gold film. The 
thickness of the lower electrode 8 is set to 200 nm : and 
the thickness of the surface electrode 7 is set to 1 5 nm. 

40 However, these thicknesses are not limited to the above 
numerical values. The thickness of the drift layer 6 is set 
to 1 .5 ujti, and the thickness of the drift portion 6a is set 
to 1 .0 urn. The thicknesses of the drift layer 6 and the 
drift portion 6a are not limited to the above numerical 

45 values. In Embodiment 14, the dielectric substrate 11 
forms the. substrate. 

[0164] As in the conventional electron source 
10" shown in Fig. 48, in the electron source 10 of Em- 
bodiment 14, the drift portions 6a of the drift layer 6 are 

so sandwiched between the plurality of lower electrodes 8 
and the plurality of surface electrodes 7. As such, when 
. an associated set of the surface electrode 7 and the low- 
er electrode 8 is appropriately selected, and voltage is 
applied into the selected set, a strong field is applied 

55 only to the drift portion 6a in the position corresponding 
to the intersection of the selected surface electrode 7 
and lower electrode 8, and electrons are thereby emit- 
ted. Specifically, as in a case where electron sources 
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are individually disposed at intersections in a check pat- 
tern formed of the surface electrodes 7 and the lower 
electrodes 8, when an associated set of the surface 
electrode 7 and the lower electrode 8 is selected, elec- 
trons can be emitted from a desired intersection. The 
voltage to be applied between the surface electrode 7 
and the lower electrode 8 is set to a range of from 10 to 
20 V. Each of the surface electrodes 7 is formed as a 
stripe having two end portions in a longitudinal direction 
on which pads 27 are individually formed. Similarly, 
each of the lower electrodes 8 is formed as a stripe hav- 
ing two end portions in a longitudinal direction on which 
pads 28 are individually formed. 
[0165] The basic performance of the electron source 
10 according to Embodiment 14 is substantially the 
same as that of the conventional electron source 
1 0" shown in Figs. 46 and 47; hence, a detailed descrip- 
tion thereof is omitted herefrom. In addition, the electron 
emission process and a microstructure of the drift layer 
6 (drift portion 6a) are substantially the same as in the 
cases of the conventional electron sources 10* and 10" 
(refer to Fig. 45); hence, a detailed description thereof 
is omitted herefrom. 

[0166] In Embodiment 14, the drift portion 6a is 
formed of the oxidized porous polycrystalUne silicon lay- 
er. However, the drift portion 6a may be formed of a ni- 
trided porous polycrystalline silicon layer. Alternatively, 
the drift portion 6a may be formed of an oxidized or ni- 
trided porous semiconductor layer which is different 
from the porous polycrystalline silicon layer. When the 
drift portion 6a is formed of a nitrided porous polycrys- 
talline silicon layer, a silicon nitride film is formed for ei- 
ther the silicon oxide film 52 or 64 shown in the Fig. 45. 
[0167] The electron source 10 of Embodiment 14 is 
characterized in that the insulator films 17 are each 
formed on the lower electrode 8 in the portion between 
the vicinity of the boundary to the isolating portion 6b 
and the electroconductive layer 8. That is, while the cen- 
tral portion of the drift portion 6a is overlaid on the elec- 
troconductive layer 8, the insulator film 17 is formed in 
the aforementioned vicinity of the boundary. In addition, 
insulator films 37 made of a silicon oxide film is each 
formed on the drift portion 6a on the side of the wiring 
8a in such a manner as to overlap with the adjacent sur- 
face electrodes 7. In the insulator film 37, two end por- 
tions in the longitudinal direction of the drift portion 6a 
overlap with an end portion of the surface electrodes 7 
in the width direction. 

[0168] In Embodiment 14, the individual insulator 
films 1 7 and 37 are formed of a silicon oxide film. How- 
ever, the material is not limited to the silicon oxide films, 
and the films may be formed of, for example, a silicon 
nitride film. 

[0169] As above, in the electron source 1 0 of Embod- 
iment 14, since the insulator film 16 is interposed be- 
tween the vicinity of the boundary to the isolating portion 
6b in the drift portion 6a and the electroconductive layer 
8, the field intensity in the aforementioned vicinity of the 



boundary becomes sufficiently lower than the field in- 
tensity in the central portion of the drift portion 6a. As 
such, most electrons drifting in the drift portion 6a are 
led to pass through the central portion of the drift portion 

5 6a. Thereby, excessive electrons can be preventedfrom 
being emitted through the aforementioned vicinity of the 
boundary. Moreover, since the insulator films 37 made 
of the silicon oxide film are each formed on the side of 
the surface of the drift layer 6 in such a manner as to 

10 overlap with the adjacent surface electrodes 7, elec- 
trons can be prevented from being emitted through por- 
tions between individual pairs of the adjacent surface 
electrodes 7; and concurrently, crosstalk can be pre- 
vented. Furthermore, since the field intensity in the 

15 aforementioned vicinity of the boundary becomes lower 
than the field intensity in the central portion, dielectric 
breakdown that can occur in the aforementioned vicinity 
of the boundary can be prevented, and an overcurrent 
can be prevented from locally flowing between the lower 

20 electrode 8 and the surface electrode 7. Furthermore, 
in the electron source 10 of Embodiment 14, as in the 
conventional electron source 1 0' shown in Fig. 43, the 
dependency to the degree of vacuum as an electron 
emission property is reduced. Concurrently, a popping 

25 phenomenon does not occur during electron emission, 
and hence electrons can stably be emitted at high elec- 
tron emission efficiency. 

[0170] In Embodiment 14, the insulator film 17 forms 
a field-moderating member that reduces the field inten- 
30 sity in the vicinity of the boundary to the isolating portion 
6b to be lower than the field intensity in the central por- 
tion of the drift portion 6a. 

(EMBODIMENT 15) 

35 

[0171] Hereinbelow, Embodiment 15 of the present 
invention will be described. The basic configuration of 
an electron source 10 according to Embodiment 15 is 
substantially the same as that of the conventional elec- 
40 tron source 1 0" shown in Fig. 48. However, the following 
aspects are different. 

[0172] In specific, as shown in Fig. 15, the configura- 
tion includes a dielectric substrate 1 1 made of glass sub- 
strate; a plurality of lower electrodes 8 that are formed 

45 of an electroconductive layer and that are arranged on 
one surface of the dielectric substrate 1 1 ; a drift layer 6 
including a plurality of drift portions 6a that are formed 
of an oxidized porous polycrystalline silicon layer and 
that are individually formed in such a manner as to over- 

50 lap with the lower electrodes 8, and a plurality of isolat- 
ing portions 6b that are formed of a polycrystalline sili- 
con layer and that each fill up a space between the drift 
portions 6a; and a plurality of surface electrodes 7 ar- 
ranged in directions intersecting with (perpendicular to) 

55 the lower electrodes 8 on the drift layer 6. The drift layer 
6 includes drift portions 6a that are made of an oxidized 
porous polycrystalline silicon layer and that are each 
formed of on the side of the surface electrodes 7 in a 
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region where the surface electrode 7 and the lower elec- 
trode 8 overlap with each other; isolating portions 6b that 
are made of an undoped polycrystalline silicon layer and 
that are each formed between the adjacent drift portions 
6a in the longitudinal direction of the surface electrode 
7; high-resistance first semiconductor layers 23b each 
interposed between the vicinity of a boundary to the iso- 
lating portion 6a in the drift portion 6a and the lower elec- 
trode 8; low-resistance second semiconductor layers 
23b each formed between the drift portion 6a and the 
lower electrode 8; and isolating portions 6c each formed 
between the adjacent drift portions 6a in the longitudinal 
direction of the lower electrode 8. 
[0173] The lower electrodes 8 are formed of a thin 
tungsten film. The surface electrodes 7 are formed of 
an electroconductive thin film made of a gold film. The 
thickness of the lower electrode 8 is set to 200 nm, and 
the thickness of the surface electrode 7 is set to 1 5 nm. 
However, these thicknesses are not limited to the above 
numerical values. The thickness of the drift layer 6 is set 
to 1 .5 jxm, and the thickness of the drift portion 6a is set 
to 1 .0 u,m. The thicknesses of the drift layer 6 and the 
drift portion 6a are not limited to the above numerical 
values. The dielectric substrate 11 forms the substrate. 
[0174] As in the conventional electron source 
10" shown in Fig. 48, in the electron source 1 0 of Em- 
bodiment 15, the drift portions 6a of the drift layer 6 are 
sandwiched between the plurality of lower electrodes 8 
and the plurality of surface electrodes 7. As such, when 
an associated set of the surface electrode 7 and the low- 
er electrode 8 is appropriately selected, and voltage is 
applied into the selected set, a strong field is applied 
only to the drift portion 6a in the position corresponding 
to the intersection, of the selected surface electrode 7 
and lower electrode 8, and electrons are thereby emit- 
ted. Specifically, as in a case where electron sources 
are individually disposed at intersections in a check pat- 
tern formed of the surface electrodes 7 and the lower 
electrodes 8, when an associated set of the surface 
electrode 7 and the lower electrode 8 is selected, elec- 
trons can be emitted from a desired intersection. The 
voltage to be applied between the surface electrode 7 
and the lower electrode 8 is set to a range of from 1 0 to 
20 V. Each of the surface electrodes 7 is formed as a 
stripe having two end portions in a longitudinal direction 
on which pads 27 are individually formed. Similarly, 
each of the lower electrodes 8 is formed as a stripe hav- 
ing two end portions in a longitudinal direction on which 
pads 28 are individually formed. 

[0175] The basic performance of the electron source 
10 according to Embodiment 15 is substantially the 
same as that of the conventional electron source 
10" shown in Figs. 46 and 47; hence, a detailed descrip- 
tion thereof is omitted herefrom. In addition, the electron 
emission process and a microstructure of the drift layer 
6 (drift portion 6a) are substantially the same as in the 
cases of the conventional electron sources 10' and 10" 
(refer to Fig. 45); hence, a detailed description thereof 



is omitted herefrom. 

[0176] In Embodiment 15, the drift portion 6a is 
formed of the oxidized porous polycrystalline silicon lay- 
er. However, the drift portion 6a may be formed of a ni- 

5 trided porous polycrystalline silicon layer. Alternatively, 
the drift portion 6a may be formed of an oxidized or ni- 
trided porous semiconductor layer, which is different 
from the porous polycrystalline silicon layer. When the 
drift portion 6a is formed of a nitrided porous polycrys- 

10 talline silicon layer, a silicon nitride film is formed for ei- 
ther the silicon oxide film 52 or 64 shown in the Fig. 45. 
[0177] The electron source 10 of Embodiment 15 is 
characterized in that the high-resistance first semicon- 
ductor layers 23b are each formed between the vicinity 

15 of the boundary to the isolating portion 6b in the drift 
portion 6a and the electroconductive layer 8, and the 
second semiconductor layers 23a having a resistance 
that is sufficiently lower than that of the first semicon- 
ductor layer 23b are each interposed between the cen- 

20 tral portion of the drift portion 6a and the lower electrode 
8. 

[0178] As above, in the electron source 10 of Embod- 
iment 1 5, the high-resistance first semiconductor layers 
23b are each formed between the vicinity of the bound- 
25 ary to the isolating portion 6b and the electroconductive 
layer 8, and the second semiconductor layers 23a hav- 
ing a resistance that is sufficiently lower than that of the 
first semiconductor layer 23b are each interposed be- 
tween the central portion of the drift portion 6a and the 

30 lower electrode 8. Accordingly, the field intensity in the 
aforementioned vicinity of the boundary becomes suffi- 
ciently lower than the field intensity in the central portion 
of the drift portion 6a. As such, most electrons drifting 
in the drift portion 6a are led to pass through the central 

35 portion of the drift portion 6a. Thereby, excessive elec- 
trons can be prevented from being emitted through the 
aforementioned vicinity of the boundary. Moreover, 
since portions between the adjacent drift portions 6a are 
insulated by the isolating portions 6b orthe isolating por- 

40 tions 6c, electrons can be prevented from being emitted 
through portions between individual pairs of the adja- 
cent surface electrodes 7; and concurrently, crosstalk 
can be prevented. Furthermore, since the field intensity 
in the aforementioned vicinity of the boundary becomes 

45 lower than the field intensity in the central portion, die- 
lectric breakdown that can occur in the aforementioned 
vicinity of the boundary can be prevented, and an over- 
current can be prevented from locally flowing between 
the lower electrode 8 and the surface electrode 7. Fur- 

50 thermore, in the electron source 10 of Embodiment 15, 
as in the conventional electron source 1 0' shown in Fig. 
43, the dependency to the degree of vacuum as an elec- 
tron emission property is reduced. Concurrently, a pop- 
ping phenomenon does not occur during electron emis- 

55 sion, and hence electrons can stably be emitted at high 
electron emission efficiency. 

[0179] In Embodiment 15, the first semiconductor lay- 
er 23b and the second semiconductor layer 23a form a 
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field-moderating member that reduces the field intensity 
in the vicinity of the boundary to the isolating portion 6b 
to be lower than the field intensity in the central portion 
of the drift portion 6a. That is, since the field-moderating 
member is formed of the high-resistance first semicon- 
ductor layer 23b, which is interposed between the afore- 
mentioned vicinity of the boundary and the lower elec- 
trodes, and low-resistance second semiconductor layer 
23a, which is interposed between the central portion of 
the drift portion 6a, restrictions for patterns of the indi- 
vidual surface electrode 7 and electroconductive layer 
8 can be eliminated. 

[0180] In Embodiments 8 to 15, the gold film is used 
for the electroconductive thin film for forming the surface 
electrodes 7. However, the material for the surface elec- 
trode 7 is not limited to gold. As described in Embodi- 
ment 1 , the material having a small work function, such 
as aluminum, chrome, tungsten, nickel, or platinum, 
may be used. The important matters and advantages in 
using these materials are as described in Embodiment 
1. 

[0181] In Embodiments 8 to 15, the thin tungsten film 
is used for the lower electrodes 8 (electroconductive lay- 
ers). However, the material is not limited to tungsten, 
instead of tungsten, any one of aluminum, nickel, cobalt, 
chrome, hafnium, molybdenum, palladium, platinum, 
rhodium, tantalum, titanium, and zirconium. Moreover, 
materials that may be used include an oxide of one of 
the aforementioned metal materials, an alloy composed 
of a plurality of materials selected from the aforemen- 
tioned metal materials, or an alloy composed of Si and 
selected materials from the aforementioned materials 
(for example, an aluminum-based Ai — Si alloy). 
[0182] The lower electrodes 8 may be formed of an 
electroconductive layer composed of a plurality of elec- 
troconductive layers laminated in the thickness direc- 
tion. In this case, aluminum is preferably used for an 
electroconductive film formed as the top layer; and cop- 
per, which has a low resistance in comparison to alumi- 
num, is preferably used for an electroconductive film as 
the bottom layer. 

(EMBODIMENT 16) 

[0183] Hereinbelow, Embodiment 16 of the present 
invention will be described. 

[0184] Figs. 16A and 16B are schematic cross-sec- 
tional views each showing an electron source 1 0 ac- 
cording to Embodiment 16 of the present invention. 
Figs. 17A to 17D each show a cross section of an elec- 
tron source 10 in a primary step of manufacturing the 
electron source 10, or an intermediate product thereof 
during the manufacture thereof. For an electroconduc- 
tive substrate, Embodiment 16 uses a monocrystalline 
n-type silicon substrate 1 that has a resistivity that is rel- 
atively close to a conductor resistivity (for example, a 
(100) substrate of which resistivity is about 0.01 Qcm to 
0.02 Qcm). 



[01 85] A basic configuration of the electron source 1 0 
according to Embodiment 16 is substantially the same 
as that of the conventional electron source 1 0' shown in 
Fig. 43. Specifically, as shown in Fig. 16A, a drift layer 

5 6 made of an oxidized porous polycrystalline silicon lay- 
er is formed on a main surface of the n-type silicon sub- 
strate 1. A field moderating layer 9 made of a silicon 
nitride film is formed on the drift layer 6. A surface elec- 
trode 7 made of an electroconductive thin film (for ex- 

10 ample, a gold film) is formed on the field moderating lay- 
er 9. An ohmic electrode 2 is formed on a reverse sur- 
face of the n-type silicon substrate 1. As described 
above, in Embodiment 1 6, the drift layer 6 is formed on 
the main surface of the n-type silicon substrate 1 . How- 

15 ever, an undoped polycrystailine silicon layer may be 
formed between the main surface of the n-type silicon 
substrate 1 and the drift layer 6. 

[0186] Also in the electron source 1 0 of Embodiment 
16, electrons can be emitted according to operational 

20 principles similar to those for the conventional electron 
source 10' shown in Figs. 43 and 44. In specific, as 
shown in Fig. 18, similarly to the conventional case, a 
direct-current voltage Vps is applied between the sur- 
face electrode 7 and the n-type silicon substrate 1 ; and 

25 concurrently, a direct-current voltage Vc is applied be- 
tween a collector electrode 1 2 and the surface electrode 
7. With the individual direct-current voltages Vps and Vc 
being appropriately set, electrons injected from the n- 
type silicon substrate 1 are led to drift through a drift 

30 layer 6, and are led to be emitted through the field mod- 
erating layer 9 and the surface electrode 7 (Single dot- 
ted lines in Fig. 16 each represent the flow of electrons., 
e-emitted through the surface electrode 7). A material.- 
having a small work function is used for the surface elec- 

35 trode 1, and the film thickness of the surface electrode 
7 is set to about 1 to 15 nm. 

[0187] In specific, as shown in Fig. 16B, as in the con- 
ventional electron source 10' shown in Fig. 45, a drift 
portion 6a includes grain 51 made of columnerpolycrys- 

40 talline silicon; a thin silicon oxide film 52 formed on one 
surface of the grain 51 ; fine silicon crystal 63 on the or- 
der of nanometer that is interposed between items of 
the grain 51 ; and a silicon oxide film 64 that is formed 
on one surface of the fine silicon crystal 63 and that has 

45 a film thickness smaller than a crystal grain diameter of 
the fine silicon crystal 63. It is considered that, in the drift 
layer 6, the surface of grain included in a polycrystalline 
silicon layer 3 (refer to Figs. 17A to 17D) prior to an 
anodic oxidation treatment described below becomes 

so porous, and the crystal condition is maintained with the 
residual grain 51 . As such, a most part of the field ap- 
plied to the drift layer 6 is caused to intensively pass 
through the silicon oxide film 64 accelerated by a strong 
field applied on the silicon oxide film 64, the injected 

55 electrons e' are accelerated by the strong field between 
the items of grain 51 , and are thereby caused to drift 
upward as viewed in Fig. 16B. Electrons that have 
reached the surface of the drift layer 6 are hot electrons 
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that easily pass through the surface electrode 7 and that 
are emitted into a vacuum. 

[0188] In the electron source 10, the higher the ratio 
(le/lps) of an emitted electron current le with respect to 
a diode current Ips, the higher the electron emission ef- 
ficiency. In the electron source 10, electrons can be 
emitted even when the direct-current voltage Vps to be 
applied between the surface electrode 7 and the ohmic 
electrode 2 is in a low range of from 10 to 20 V. In the 
electron source 10, the dependency to degree of vacu- 
um as an electron emission property is reduced. More- 
over, no popping phenomenon occurs, hence electrons 
can be stably emitted at a high electron emission effi- 
ciency. 

[0189] The electron source 10 of Embodiment 16 is 
characterized in that the field moderating layer 9 is pro- 
vided between the drift layer 6 and the surface electrode 
7 for moderating the field intensity of the drift layer 6 in 
a state where the direct-current voltage Vps (driving 
voltage) is applied. Since the field moderating layer 9 is 
interposed between the drift layer 6 and the surface 
electrode 7, the field moderating layer 9 is preferably 
formed of a material not allowing easy diffusion of elec- 
trons, and the film thickness thereof is preferably small 
sufficient to cause electrons drifted through the drift lay- 
er 6 to reach the surface electrode 7 without substan- 
tially being diffused. When the resistance value of the 
field moderating layer 9 is one digit or smaller than the 
resistance value of the drift layer 6 , effects of moderating 
the field intensity of the drift layer 6 decrease. When the 
resistance value of the field moderating layer 9 is greater 
than the resistance value of the drift layer 6, the driving 
voltage needs to be increased. As such, the resistance 
value of the field moderating layer 9 is preferably on the 
same order as the resistance value of the drift layer 6. 
In the Embodiment 16, the thickness of the drift layer 6 
is set to 1 .5 jim, and the film thickness of the field mod- 
erating layer 9 is set to 50 nm. However, the film thick- 
ness of the field moderating layer 9 is not limited to 50 
nm, and the film thickness may be appropriately set 
within a range of from 10 nm to 100 nm corresponding 
to the resistance value of the drift layer 6. While the re- 
sistance value of the drift layer 6 varies depending on 
the thickness of the drift layer 6 and the driving voltage, 
the values are ranged from several tens kQ to several 
tens MQ. 

[0190] In the electron source 10 of Embodiment 16, 
since the field moderating layer 9 for moderating the 
field intensity of the drift layer 6 is provided between the 
drift layer 6 and the surface electrode 7. a reduction can 
be implemented for the field intensity in a portion where 
dielectric breakdown tends to occur in cither the silicon 
oxide film 52 or 64, dielectric breakdown in the afore- 
mentioned portion can be prevented, and ageing varia- 
tions in the diode current Ips and the emitted electron 
current le can be minimized. Consequently, the ageing 
stability in the electron emission properties such as elec- 
tron emission efficiency can be improved; and when the 



above is applied to, for example, a display, a gradual 
reduction in the screen luminance can be prevented. 
With the field moderating layer 9 being provided, the in- 
tensity of a field to be applied to the drift layer 6 is re- 

5 duced. For this reason, when the driving voltage (direct- 
current voltage Vps) to be applied between the surface 
electrode 7 and the n-type silicon substrate 1 (ohmic 
electrode 2) formed of the electroconductive substrate 
is controlled to be the same as that in the conventional 

10 electron source 10' not including the field moderating 
layer 9, the emitted electron current le is reduced small- 
er than that in the case where the field moderating layer 
9 is not provided. However, by increasing the driving 
voltage, the level of the emitted electron current le can 

15 be increased to become equivalent to that in the con- 
ventional electron source 10'. 

[0191] In the electron source 10 of Embodiment 16, 
the field moderating layer 9 is formed of the silicon ni- 
tride film. Since the silicon nitride film a high resistivity, 

20 the film thickness of the field moderating layer 9 may be 
reduced. In addition, since the silicon nitride film has a 
high electron transmittance, and it does not allow easy 
diffusion of electrons that has drifted through the drift 
layer 6, the reduction in electron emission efficiency ac- 

25 cording to the provision of the field moderating layer 9 
can be inhibited. In Embodiment 16, the n-type silicon 
substrate 1 is used for the electroconductive substrate. 
The electroconductive substrate is provided to form the 
cathode of the electron source 1 0 : to support the drift 

30 layer 6 in the vacuum, and to inject electrons into the 
drift layer 6. As such, the electroconductive substrate 
may be only to be appropriate to form the cathode of the 
electron source 10 and to support the drift layer 6. As 
such, the electroconductive substrate is not limited to 

35 the n-type silicon substrate, and it may instead be a met- 
al substrate made of, for example, a chrome material. 
Alternatively, as shown in Fig. 46, the electroconductive 
substrate may be a substrate having the lower electrode 
8 formed on the side of one surface (the side of the main 

40 surface) of the dielectric substrate 11 formed of, for ex- 
ample, glass. With the glass substrate having one sur- 
face on which the lower electrode 8 is formed, area-en- 
largement and cost reduction can be implemented for 
the electron source in comparison to a configuration us- 

45 ing a semiconductor substrate. 

[0192] In Embodiment 16, a gold film is used as the 
electroconductive thin film that forms the surface elec- 
trodes 7. However, the material of the surface electrode 
7 is not limited to the gold material. As described in Em- 

50 bodiment 1, a different material having a small work 
function, such as aluminum, chrome, tungsten, nickel, 
or platinum, may be used. Matters to be noted and ad- 
vantages in using the materials are as described in Em- 
bodiment 1 . 

55 [0193] In Embodiment 16, the drift layer 6 is formed 
of the oxidized porous polycrystaliine silicon layer. How- 
ver, the drift portion 6 may instead be form d of a ni- 
trided porous polycrystaliine silicon layer. Alternatively, 
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the drift portion 6 may be formed of an oxidized or ni- 
trided porous semiconductor layer which is different 
from the porous polycrystalline silicon layer. When the 
drift portion 6 is formed of a nitrided porous polycrystal- 
line silicon layer, a silicon nitride film is formed for either 
the silicon oxide film 52 or 64 shown in the Fig. 1 6B. In 
addition, in Embodiment 16, the field moderating layer 
9 is formed of the silicon nitride film. However, the field 
moderating layer 9 may instead be formed of, for exam- 
ple, an oxidized silicon film, amolphous silicon, amol- 
phous carbonized silicon, a metal oxide film, or a metal 
nitride film, which has a low electron diffusion property 
and a high resistivity. 

[0194] Hereinbelow, referring to Figs. 17A to 17D, a 
manufacturing method for the electron source 1 0 shown 
in Figs. 1 6A and 1 6B will be described. 
[0195] First, the ohmic electrode 2 is formed on a re- 
verse surface of the n-type silicon substrate 1 . Then, the 
undoped polycrystalline silicon layer (polycrystalline sil- 
icon thin film) 3 having a predetermined film thickness 
(for example, 1 .5 \irr\) is deposited (overlaid) on the main 
surface of the n-type silicon substrate 1 according to, 
for example, an LPCVD method. Thereby, an interme- 
diate product having a structure shown in Fig. 17A is 
obtained. 

[0196] Subsequently, an anodic oxidation treatment is 
performed at predetermined conditions such that an 
anodic oxidation process tank that contains an electro- 
lytic solution composed of a mixed liquid in which a 
55-wt% hydrogen fluoride aqueous solution and ethanol 
are mixed at a ratio of about 1:1 is used, and light is 
emitted onto the polycrystalline silicon layer 3 with a 
platinum electrode (not shown) being set to be cathodic 
and the n-type silicon substrate 1 (ohmic electrode 2) 
being set to be anodic. Thereby, a porous polycrystalline 
silicon layer 4 is formed, and an intermediate product 
having a structure shown in Fig. 17B is obtained. Con- 
ditions of the anodic oxidation treatment are as follows. 
A surface of the polycrystalline silicon layer 3 is set to 
be in contact with the electrolytic solution, the current 
density is fixed at 30 mA/cm 2 , and the electroconduction 
time is set to 10 seconds. For an optical source of emit- 
ting light onto the polycrystalline silicon layer 3, a 500W 
tungsten lamp is used. In Embodiment 1 6, the polycrys- 
talline silicon layer 3 is formed porous to reach the n- 
type silicon substrate 1 in the depth direction. However, 
it may be formed porous up to a midway point in the 
depth direction. In this case, a portion of the polycrys- 
talline silicon layer 3 remains between the n-type silicon 
substrate 1 and the porous polycrystalline silicon layer 
4. 

[0197] After completion of the anodic oxidation treat- 
ment, a rapid thermal oxidation technique using a rapid 
thermal technique is used to perform rapid thermal oxi- 
dation for the porous polycrystalline silicon layer 4. This 
forms the drift layer 6 made of the oxidized porous poly- 
crystalline silicon lay r. Thereafter, the field moderating 
layer 9 having a predetermined film thickness (for ex- 



ample, 50 nm) is formed on the drift layer 6 according 
to a sputtering method; and thereby, an intermediate 
product having a structure shown in Fig. 17C is ob- 
tained. The rapid thermal oxidation is performed using 

5 a lamp annealing device. The flow rate of oxygen gas is 
set to 0.3 L/min (300 seem) in a standard condition. In 
Embodiment 1 6, since oxidation is performed for the po- 
rous polycrystalline silicon layer 4 according to the rapid 
thermal oxidation, the temperature can be raised up to 

10 an oxidation temperature within several seconds, there- 
by enabling the inhibition of entailed oxidation that can 
occur as a problem with an ordinary oxidizing device of 
a furnace core pipe type when materials are fed into the 
furnace. 

15 [0198] The field moderating layer 9 is formed accord- 
ing to the sputtering method in the following steps. Ni- 
tride silicon is used as a target, and a chamber is evac- 
uated up to a level of 1 x 10 -4 Pa or lower in a standard 
condition. Then, an Ar gas is introduced into the cham- 

20 ber at a flow rate of 0.03 L/min (30 seem) in a standard 
condition, and the pressure in the chamber is thereby 
adjusted to 5 x 10 1 Pa. Thereafter, a high frequency 
power of 1 W/cm 2 is fed between electrodes arranged 
in the chamber, and a silicon nitride film is formed. 

25 [0199] After the field moderating layer 9 has been 
formed : a gold film used as the surface electrode 7 is 
formed according to, for example, a vapor deposition 
method; and thereby, the electron source 1 0, as shown 
in Fig. 17B, is obtained. 

30 [0200] In the manufacture employing the above-de- 
scribed manufacturing method, the electron source 10 
having a high ageing stability can be obtained only by 
adding a step of overlaying the field moderating layer 9 
on the drift layer 6 to the manufacturing method for the 

35 conventional electron source 10'. 

[0201] The electron source 1 0 manufactured accord- 
ing to the above-described manufacturing method has 
a less dependency to the degree of vacuum as an elec- 
tron emission property. Concurrently, since no popping 

40 phenomenon occurs, electrons can be stably emitted. 
Moreover, for the semiconductor substrate, such as a 
polycrystalline silicon substrate, used for the electrocon- 
ductive substrate, since a substrate formed of , for ex- 
ample, a glass substrate on which an electroconductive 

45 layer (such as an ITO film) is formed, can be used; as 
such, in comparison to the Spindt-type electrode, elec- 
tron source area can be enlarged and costs can be re- 
duced. 

[0202] When the electroconductive substrate is 
50 formed of a semiconductor substrate, the polycrystalline 
silicon layer 3 may be formed according to a sputtering 
method instead of the LPCVD method. Alternatively, the 
film deposition may be performed such that amolphous 
silicon is deposited according to a plasma CVD method, 
55 and thereafter, the film is crystallized. When the electro- 
conductive substrate is formed of a glass substrate on 
which an electroconductive layer is form d, the poly- 
crystalline silicon layer 3 may be formed such that amol- 
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phous silicon is deposited on the elect rocon duct ive lay- 
er according to a CVD method, and the silicon layer is 
annealed. The method for forming the polycrystalline sil- 
icon layer 3 on the electroconductive layer is not limited 
to the CVD method. For example, a CGS (continuous 
grain silicon) method or a catalytic CVD method process 
may instead be employed. 

[0203] For an oxidation method for the porous poly- 
crystalline silicon layer 4, electrochemical oxidation us- 
ing acid (for example, dilute sulfuric acid, dilute nitric ac- 
id; or aqua regia) may be employed instead of the ther- 
mal oxidation method. Before the porous polycrystalline 
silicon layer 4 is electrochemically oxidized with acid, a 
treatment may be performed such that the layer is im- 
mersed in an oxidant solution (such as nitric acid, sul- 
furic acid, hydrochloric acid, or hydrogen peroxide wa- 
ter) for a time necessary to allow a polar surface of the 
porous polycrystalline silicon layer 4 to be oxidized; and 
ther by, hydrogen atoms terminating silicon atoms are 
substituted with oxygen atoms. Alternatively, oxidation 
may be performed such that ultraviolet rays are emitted 
onto the layer in a gas phenomenon containing at least 
one of oxygen and ozone. Still alternatively, oxidation 
may be performed such that the layer is exposed to plas- 
ma in a gas phenomenon containing at least one of ox- 
ygen and ozone. Still alternatively, oxidation may be per- 
formed such that the layer is heated in a gas phenom- 
enon containing at least one of oxygen and ozone (the 
heat temperature may be appropriately set within a tem- 
perature range of from 100°C to 600°C). Still alterna- 
tively, oxidation may be performed such that ultraviolet 
rays are emitted onto the layer, and the layer is heated 
(the heat temperature may be appropriately set within a 
temperature range of from 100°C to 600°C). Still alter- 
natively, oxidation may be performed such that, in a gas 
phenomenon containing at least one of oxygen and 
ozone, ultraviolet rays are emitted onto the layer, and 
the layer is heated (the heat temperature may be appro- 
priately set within a temperature range of from 1 00°C to 
600°C). Further alternatively, oxidation may be per- 
formed employing combined methods of the above. Yet 
alternatively, oxidation may be performed employing 
methods that are different from the above oxidation 
methods. In consequence : the diffusion amount of im- 
purities into either the silicon oxide film 52 or 64 is re- 
duced, and the dielectric strength is improved. The po- 
rous polycrystalline silicon layer 4 is thus oxidized, but 
it may instead be nitrided. 

[0204] The method of forming the field moderating 
layer 9 is not limited to the sputtering method, and a dif- 
ferent method such as a vapor deposition method or an 
ion plating method may instead be employed. Moreover, 
the method of forming the surface electrode 7 is not lim- 
ited to the vapor deposition method; and a method such 
as a sputtering method may instead be used. 
[0205] Hereinbelow, a display using the electron 
source 10 of Embodiment 16 will be described with ref- 
erence to Fig. 19. 



[0206] As shown in FIG. 19, the display includes a 
glass substrate 33 disposed opposite to the surface 
electrodes 7 of the electron source 10. Collector elec- 
trodes 31 are arranged in a striped state on a surface of 

5 the glass substrate 33, which opposes the electron 
source 10. A phosphor layer 32 that emits visible light 
according to electron beams emitted through the sur- 
face electrodes 7 is disposed in such a manner as to 
cover the collector electrodes 31. The surface elec- 

10 trodes 7 are formed in a striped state. A spacing be- 
tween the electron source 10 and the glass substrate 
33 is maintained in a vacuum state. 
[0207] In the display, the surface electrode 7 is formed 
as a stripe, and the collector electrodes 31 also is 

15 formed as a stripe to extend perpendicular to the surface 
electrode 7. When one of the collector electrodes 31 and 
one of the surface electrodes 1 7 are selected, and volt- 
age (field) is applied thereto, electrons are emitted only 
from the surface electrode 7 to which the voltage is ap- 

20 plied. In the surface electrode 7 from which the electrons 
have been emitted, only electrons emitted from a region 
thereof through which the voltage has been applied to 
the corresponding collector electrode 31 are accelerat- 
ed, and the accelerated electrons cause the phosphor 

25 layer 32 covering the collector electrode 31 to emit light. 
[0208] In short, in the display shown in Fig. 19, when 
voltage is applied to specific one of the surface elec- 
trodes 7 and specific one of the collector electrodes 31 , 
a portion corresponding to a region where the two elec- 

30 trodes 7 and 31 mutually intersect can be caused to emit 
light. As such, by optionally changing the surface elec- 
trodes 7 and the collector electrodes 31 to which voltage 
is to be applied, images or characters can be displayed 
on the display. In the display, a high voltage needs to be 

35 applied to the collector electrode 31 and to thereby ac- 
celerate electrons in order to cause phosphors of the 
phosphor layer 32 according to electrons emitted from 
the electron source 10. To achieve the above, a high 
voltage of hundreds of V or several kV may be applied 

40 to the collector electrode 31 . 

(EMBODIMENT 17) 

[0209] Hereinbelow, Embodiment 17 of the present 

45 invention will be described. 

[0210] As shown in Fig. 20, while the basic configura- 
tion of an electron source 10 according to Embodiment 
17 is substantially the same as that of the electron 
source 10 according to Embodiment 16, it is character- 

50 ized in that the field moderating layer 9 is configured to 
include a silicon nitride film 9a formed on the drift layer 
6, and a silicon oxide film 9b formed on the silicon nitride 
film 9a. Essentially, in Embodiment 16, the field moder- 
ating layer 9 is formed of a multilayer film including the 

55 silicon nitride film 9a, and the surface electrode 7 is over- 
laid on the silicon oxide film 9b. Either the silicon nitride 
film 9a or the silicon oxide film 9b is formed according 
to a sputtering method. 
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[0211] As described above, also in Embodiment 17, 
basically, the same advantages as those in Embodiment 
1 6 can be obtained. However, in Embodiment 1 7, since 
the resistivity of each of the silicon nitride film 9a and 
the silicon oxide film 9b is high, the film thickness of the 5 
field moderating layer 9 can be reduced. In addition, 
electrons drifted through the drift layer 6 are not allowed 
to easily diffuse in the silicon nitride film 9a, a reduction 
in electron emission efficiency according to the provi- 
sion of the field moderating layer 9 can be inhibited. io 
Moreover, in Embodiment 17, since the surface elec- 
trode 7 is formed on the oxide nitride film 9a, in compar- 
ison to a case as in Embodiment 16 where the surface 
electrode 7 is formed on the field moderating layer 9 
made of the silicon nitride film, the electron movement *5 
to the surface electrode 7 easily occurs, thereby ena- 
bling the electron emission efficiency to increase. 
[0212] The film thickness of the silicon nitride film 9a 
is set to 40 nm : and the film thickness of the silicon oxide 
film 9b is set to 10 nm. These film thicknesses are not 20 
limited to the aforementioned numerical values, and the 
film thicknesses may be appropriately set correspond- 
ing to, for example, the thickness and the resistance val- 
ue of the drift layer 6. However, since electrons less dif- 
fuse in the silicon nitride film 9a than in the silicon oxide 25 
film 9b, the film thickness of the silicon nitride film 9a is 
preferably set larger than that of the silicon oxide film 9b. 

(EMBODIMENT 18) 

30 

[0213] Hereinbelow, Embodiment 18 of the present 
invention will be described. 

[0214] As shown in Fig. 21 , while the basic configura- 
tion of an electron source 1 0 according to Embodiment 
18 is substantially the same as that of the electron 35 
source 10 according to Embodiment 16, it is character- 
ized in that the field moderating layer 9 is configured to 
include a first silicon oxide film 9c formed on the drift 
layer 6, a silicon nitride film 9a formed on the silicon ox- 
ide film 9c, and a second silicon oxide film 9b formed on 40 
the silicon nitride film 9a. Essentially, in Embodiment 18, 
the field moderating layer 9 is formed of a multilayer film 
including the silicon nitride film 9a, and the surface elec- 
trode 7 is overlaid on the silicon oxide film 9b. Each of 
the silicon nitride film 9a and the silicon oxide films 9c 45 
and 9b is formed according to a sputtering method. 
[0215] As described above, also in Embodiment 18, 
basically, effects similar to those in Embodiment 1 6 can 
be obtained. However, in Embodiment 1 8, since the re- 
sistivity of each of the silicon nitride film 9a and the sil- so 
icon oxide films 9c and 9b is high, the film thickness of 
the field moderating layer 9 can be reduced. In addition, 
lectrons drifted through the drift layer 6 are not allowed 
to easily diffuse in the silicon nitride film 9a, a reduction 
in electron emission efficiency according to the provi- 55 
sion of the field moderating layer 9 can be inhibited. 
Moreover, in Embodiment 18, since the surface elec- 
trode 7 is formed on the second silicon oxide film 9a, in 



comparison to a case as in Embodiment 16 where the 
surface electrode 7 is formed on the field moderating 
layer 9 made of the silicon nitride film, the electron 
movement to the surface electrode 7 easily occurs, 
thereby enabling the electron emission efficiency to in- 
crease. 

[0216] The film thickness of the first silicon oxide film 
9c is set to 1 0 nm, and the film thickness of the second 
silicon oxide film 9b is set to 40 nm. These film thick- 
nesses are not limited to the aforementioned numerical 
values, and the film thicknesses may be appropriately 
set corresponding to, for example, the thickness and the 
resistance value of the drift Iayer6. However, since elec- 
trons less diffuse in the silicon nitride film 9a than in each 
of the silicon oxide films 9c and 9b, the film thickness of 
the silicon nitride film 9a is preferably set larger than that 
of each of the silicon oxide films 9c and 9b. 

(EMBODIMENTS) 

[0217] Hereinbelow, Embodiment 19 of the present 
invention will be described. Basically, the basic config- 
uration of an electron source 10 according to Embodi- 
ment 1 9 is substantially the same as that of the electron 
source 10 according to Embodiment 16, it is character- 
ized in that the field moderating layer 9 of the electron 
source 10 according to Embodiment 16 shown in Figs. 
1 6A and 1 6B is configured of to include a chrome oxide 
film. Since chrome oxide film is a material that has a 
high property of adhesion to the surface electrode 7 at 
least to an extent not causing the surface electrode 7 to 
be isolated, it can inhibit ageing deterioration that can 
because of isolation of the surface electrode 7 from the 
field moderating layer 9 and ageing variations in elec- 
tron emission property. In addition, since the chrome ox- 
ide film has a high transmittance property, it can inhibit 
a reduction in electron emission efficiency, which can 
occur because of the provision of the field moderating 
layer 9. Consequently, also in the electron source 10 of 
Embodiment 1 9, the same advantages as those in Em- 
bodiment 16 can be obtained. 

[0218] Hereinbelow, a manufacturing method for the 
electron source 1 0 of Embodiment 1 9 will be described 
with reference to Figs. 22A to 22D. The manufacturing 
method is substantially the same as the manufacturing 
method for the electron source 10 of Embodiment 16. 
As such, hereinbelow, descriptions of aspects, common 
to those given in Embodiment 16 will be simplified to 
avoid repetitive description. 

[0219] In Embodiment 1 9, after the ohmic electrode 2 
has been formed on a reverse surface of the n-type sil- 
icon substrate 1, that is, the electroconductive sub- 
strate, the undoped polycrystalline silicon layer 3 is 
formed on one surface of the n-type silicon substrate 1 
according to an LPCVD method, and an interm diate 
product having a structure shown in Fig. 22B is ob- 
tained. Subsequently, the polycrystalline silicon layer 3 
is formed porous according to an anodic oxidation treat- 
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ment, the porous polycrystalline silicon layer 4 is thereby 
formed, and an intermediate product having a structure 
shown in Fig. 22B is obtained. 

[0220] In addition, the porous polycrystalline silicon 
layer 4 is thermally oxidized, and the drift layer 6 made 
of the oxidized porous polycrystalline silicon layer is 
thereby formed. Then, an oxidized layer 19 made of a 
chrome layer is formed on the drift layer 6 according to 
an electron beam vapor deposition method. Moreover, 
the surface electrode 7 made of a gold metal is formed 
on the oxidized layer 19, and an intermediate product 
having a structure shown in Fig. 22C is obtained. In Em- 
bodiment 19, the film thickness of the oxidized layer 19 
is set to 20 nm, and the film thickness of the surface 
electrode 7 is set to 15 nm. However, these film thick- 
nesses are not limited to the aforementioned numerical 
values. 

[0221 ] After the surface electrode 7 has been formed, 
the oxidized layer 19 is oxidized according to an oxida- 
tion process, the field moderating layer 9 formed of an 
chrome oxide film, and an electron source 1 0 as shown 
in Fig. 22D is obtained. The oxidation process may be 
carried out by introducing, for example, ozone generat- 
ed using an ozone generator into an oxidizing treatment 
chamber. In Embodiment 19, an oxygen gas is intro- 
duced into an ozone generator at a flow rate of 5L/min 
in a standard condition, electric discharge is performed 
to thereby generate 5%-concentration ozone, and the 
ozone is introduced into an oxidizing treatment cham- 
ber. In the treatment, the n-type silicon substrate 1 used 
for the electroconductive substrate is heated at 150°C. 
In Embodiment 19, a chrome oxide film is used to form 
an oxide layer. 

[0222] The manufacturing method includes a step of 
forming the oxidized layer 19 by using chrome on the 
drift layer 6 formed on the side of the main surface of 
the n-type silicon substrate 1 used for the electrocon- 
ductive substrate, in which the chrome is a composition 
element from which oxygen is excluded from composi- 
tion elements of the field moderating layer 9; a step of 
forming the surface electrode 7 on the oxidized layer 1 9; 
and a step of forming the field moderating layer 9 by 
oxidizing the oxidized layer 1 9 according to the oxidation 
process after the surface electrode 7 has been formed. 
As such, the electron source 10 having a high ageing 
stability can be provided. In addition, since thefield mod- 
erating layer 9 is formed by oxidizing the oxidized layer 
19 according to the oxidation process after the surface 
electrode 7 has been performed, the field moderating 
layer 9 can be prevented from being contaminated and 
damaged during the oxidation process. Moreover, in the 
oxidation process, since the oxidized layer 19 is oxi- 
dized with ozone diffusing through the surface electrode 
7, the oxidized layer 1 9 can be oxidized at a temperature 
that is lower than that in the thermal oxidation. As such, 
the method enables the prevention of damage causing 
electrical disconnection and layer isolation attributable 
to coagulation of gold, which is a composition element 



of the surface electrode 7. 

[0223] In the Embodiment 1 9 , while the oxidized layer 
19 is oxidized using ozone in the oxidation process, the 
oxidized layer 1 9 may be oxidized using oxygen plasma. 
5 Also in this case, the oxidized layer 19 can be oxidized 
at a lower temperature than that in the thermal oxidation, 
thereby enabling damage causing electrical disconnec- 
tion and layer isolation attributable to coagulation of 
composition elements of the surface electrode. 

10 

(EMBODIMENT 20) 

[0224] Hereinbelow, Embodiment 20 of the present 
invention will be described. 
15 [0225] As shown in Fig. 23, the basic configuration of 
an electron source 10 according to Embodiment 20 is 
substantially the same as that of the conventional elec- 
tron source 1 0" shown in Fig. 54. Specifically it includes 
a dielectric substrate 11 made of a glass substrate; a 
20 plurality of wirings 8a (lower electrodes 8) that are made 
of an electroconductive layer (for example, a metal film, 
such as a chrome, or an ITO film) and that are arranged 
on a main surface of the dielectric substrate 11 ; a drift 
layer 6 composed of a plurality of drift portions 6a formed 
25 of an oxidized porous polycrystalline silicon layer in such 
a manner as to overlap with the wirings 8a, and isolating 
portions 6b that are formed of a polycrystalline silicon 
layer and that individually fill up spaces between the drift 
portions 6a; a plurality of surface electrodes 7 that indi- 
30 vidually oppose the wirings 8a via the drift portions 6a; 
and a plurality of bus electrodes 25 commonly coupling 
the plurality of surface electrode 7, which are arranged 
in the direction intersecting with the wirings 8a, in units 
of each row on the drift layer 6. The bus electrodes 25 
35 are arranged in such a manner as to cross the drift por- 
tions 6a and the isolating portions 6b in the direction in- 
tersecting with the wirings 8a. Forthe surface electrodes 
7, a material (such as gold) having a small work function 
is employed; and the film thickness of the surface elec- 
40 trode 7 is set to a range of from 15 to 15 nm. Forthe bus 
electrodes 25, a material (such as aluminum or copper) 
that has a low resistance and a high processability is 
employed. Since the bus electrode 25 does not need to 
transmit electrons, the film thickness thereof can be in- 
45 creased in comparison to that of the surface electrode 
7, thereby enabling the resistance to be reduced. In Em- 
bodiment 20, the dielectric substrate 11 forms the sub- 
strate. 

[0226] As shown in Figs. 23 and 24 : the electron 
so source 1 0 of Embodiment 20 is characterized in that nar- 
row portions 1 8a made of an electroconductive are each 
interposed to narrow a current passageway (to reduce 
the current passage area) between the surface elec- 
trode 7 and the bus electrode 25. 
55 [0227] As shown in Fig. 25, the narrow portion 18a 
causes disconnection when an overcurrent flows. Spe- 
cifically, in the narrow portion 1 8a, the thermal capacity 
is formed to have a small thermal capacity to cause dis- 
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connection when an overcurrent flows. In the electron 
source 10, each of the surface electrodes 7 is sand- 
wiched between two of the bus electrodes 25 commonly 
coupled to identical pads 28. Each of the narrow por- 
tions 1 8a is interposed between the surface electrode 7 
and the bus electrodes 25 and 25 on two sides thereof. 
The narrow portion 18a is thus interposed between the 
surface electrode 7 and the bus electrode 25, and forms 
an overcurrent protection element for limiting the current 
flowing to the surface electrode 7. 
[0228] In the electron source 10 of Embodiment 20, 
as in the conventional electron source 1 0" shown in Fig. 
54, the drift portions 6a of the drift layer 6 are sand- 
wiched between the plurality of wirings 8a and the plu- 
rality of the surface electrodes 7. As such, when an as- 
sociated set of the bus electrode 25 and the wiring 8a 
is appropriately selected, and voltage is applied to the 
selected set, a strong field is applied only to the drift por- 
tion 6a positioned below the surface electrode 7 that is 
proximate to a portion corresponding to an intersection 
with the wiring 8a in the selected bus electrode 25, and 
electrons are thereby emitted. That is, when an associ- 
ated set of the bus electrode 25 and the wiring 8a to 
which voltage is applied, electrons can thereby be emit- 
ted from a desired cross point. The voltage to be applied 
between the bus electrode 25 and the lower electrode 
8 is set to a range of from 1 0 to 20 V. Each of the wirings 
8a is formed as a stripe having two end portions in a 
longitudinal direction on which pads 27 are individually 
formed. The bus electrode 25 is coupled to the individual 
pads 28 at two ends in the longitudinal direction thereof. 
[0229] The basic performance of the electron source 
10 according to Embodiment 20 is substantially the 
same as that of the conventional electron source 
1 0" shown in Figs. 46 and 47; hence, a detailed descrip- 
tion thereof is omitted herefrom. In addition, the set and 
a microstructure of the drift layer 6 (drift portion 6a) are 
substantially the same as in the cases of the conven- 
tional electron sources 10' and 10" (refer to Fig. 45); 
hence, a detailed description thereof is omitted here- 
from. 

[0230] In the electron source 10 of Embodiment 20, 
since the narrow portions 18a are each interposed be- 
tween the surface electrode 7 and the bus electrode 25, 
when an overcurrent flows to a specific one of the sur- 
face electrodes 7, the narrow portion 1 8a interposed be- 
tween the surface electrode 7 and the bus electrode 25 
causes disconnection. Consequently, an overcurrent 
can be prevented from continually flowing to a specific 
one of the surface electrodes 7, a deterioration range 
can be prevented from being increased because of heat 
generation, and the reliability can be improved. Essen- 
tially, since the overcurrent protection element for limit- 
ing current flowing to the surface electrode 7 is inter- 
posed between the surface electrode 7 and the bus 
electrode 25, an overcurrent flowing between the bus 
electrode 25 and the surface electrode 7 can be limited. 
Thereby, an overcurrent flowing to the surface electrode 
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7, the drift portion 6a, and the wiring 8a can be limited, 
and the temperatures thereof can be inhibited from be- 
ing increased. Consequently, the deterioration range 
can be prevented from being increased, and the relia- 

5 bility can thereby be improved. In other words, discon- 
nection can be caused only in the narrow portion 18a 
interposed between an overcurrent-f lowed surface elec- 
trode 7 and a bus electrode 25, in which the surface 
electrode 7 is one of those corresponding to individual 

10 pixels. Thereby, influence on the surface electrodes 7 
corresponding to other pixels can be inhibited, and the 
reliability as an electron source used with a display can 
be improved. In the electron source 10 of Embodiment 
20, the isolating portion 6b insulates a portion between 

15 the adjacent drift portions 6a, thereby enabling crosstalk 
in which, for example, electrons are emitted through the 
portion between the adjacent drift portions 6a, to be pre- 
vented. Moreover, in the electron source 10 of Embod- 
iment 20, as in the conventional electron source 1 0', the 

20 dependency to the degree of vacuum as an electron 
emission property is reduced. Concurrently, no popping 
phenomenon occurs during electron emission, and 
hence electrons can stably be emitted at high electron 
emission efficiency. 

25 

(EMBODIMENT 21) 

[0231] Hereinbelow, Embodiment 21 of the present 
invention will be described. 

30 [0232] As shown in Figs. 26 and 27, the basic config- 
uration of an electron source 10 according to Embodi- 
ment 21 is substantially the same as that of the electron 
source 10 according to Embodiment 20; however it is 
different in that high resistance layers 1 8b are each in- 

35 terposed between the surface electrode 7 and the bus 
electrode 25. Each of the narrow portions 18a is inter- 
posed between the surface electrode 7 and the bus 
electrodes 25, and forms an overcurrent protection ele- 
ment for limiting the current flowing to the surface elec- 

40 trode 7. 

[0233] Thus, in comparison to the conventional elec- 
tron source 1 0" shown in Fig. 54 in which the individual 
surface electrodes 7 and bus electrodes 25 are directly 
coupled, in the electron source 10 of Embodiment 21 , 
45 an overcurrent can be prevented from flowing to the sur- 
face electrode 7, a deterioration range can be prevented 
from being increased because of heat generation, and 
the reliability can be improved. 

50 (EMBODIMENT 22) 

[0234] Hereinbelow, Embodiment 22 of the present 
invention will be described. 

[0235] As shown in Figs. 28 to 30, the basic configu- 
55 ration of an electron source 10 according to Embodi- 
ment 22 is substantially the same as that of that in Em- 
bodiment 20; however, it is different in that thermo-sen- 
sitive layers 18c having a positive resistance tempera- 
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ture coefficient are each interposed between the surface 
electrode 7 and the bus electrode 25. 
[0236] As shown in Fig. 31, in the thermo-sensitive 
layer 18c, the resistance value increases according to 
the increase in temperature. As a material of the ti -ermo- 
sensitive layer 1 8c, for example, a BaTi0 3 -based mate- 
rial used for a PTC thermistor may be used. The thermo- 
sensitive layer 1 8c forms an overcurrent protection ele- 
ment for limiting the current flowing to the surface . elec- 
trode 7. Other portions are the same as those in Em- 
bodiment 20. 

[0237] Thus, in the electron source 1 0 of Embodiment 
22, when an overcurrent flows to the surface electrode 
7, and the temperature increases, the. resistance of the 
thermo-sensitive layer 1 8c interposed between the sur- 
face electrode 7 and the bus electrode 25 increases. 
Thereby, in comparison to the conventional electron 
source 10" shown in Fig. 54, an overcurrent can be pre- 
vented from flowing to the surface electrode 7. Conse- 
quently, a deterioration range can be prevented from be- 
ing increased because of heat generation, and the reli- 
ability can be improved. 

(EMBODIMENT 23) 

[0238] Hereinbelow, Embodiment 23 of the present 
invention will be described. 

[0239] As shown in Fig. 32, the basic configuration of 
an electron source 10 according to Embodiment 23 is 
substantially the same as that of the conventional elec- 
tron source 1 0" shown in Fig. 54. Specifically, it includes 
a dielectric substrate 11 made of a glass substrate; a 
• plurality of wirings 8a (lower electrodes 8) that are made 
of an electroconductive layer (for example, a metal film, 
such as a chrome, or an ITO film) and that are arranged 
on a main surface of the dielectric substrate 11 ; a drift 
layer 6 composed of a plurality of drift portions 6a formed 
of an oxidized porous polycrystalline silicon layer in such 
a manner as to overlap with the wirings 8a, and isolating 
portions 6b that are formed of a polycrystalline silicon 
layer and that individually fill up spaces between the drift 
portions 6a; a plurality of surface electrodes 7 that indi- 
vidually oppose the wirings 8a via the drift portions 6a; 
and a plurality of bus electrodes 25 commonly coupling 
the plurality of surface electrode 7, which are arranged 
in the direction intersecting with the wirings 8a, in units 
of each row on the drift layer 6. The bus electrodes 25 
are arranged in such a manner as to cross the drift por- 
tions 6a and the isolating portions 6b in the direction in- 
tersecting with the wirings 8a. Forthe surface electrodes 
7, a material (such as gold) having a small work function 
is employed; and the film thickness of the surface elec- 
trode 7 is set to a range of from 1 5 to 1 5 nm. For the bus 
electrodes 25, a material (such as aluminum or copper) 
that has a low resistance and a high processability is 
employed. In Embodiment 23, the dielectric substrate 
11 forms the substrat . 

[0240] As shown in Figs. 32 and 34, the electron 



source 10 is characterized in that the drift portions 6a 
are each formed in a rectangular-parallelepiped shape, 
and metal layers 1 8 each covering a vicinity of a side 6c 
along the longitudinal direction of the bus electrode 25 
5 (side 6c that is parallel to the bus electrode 25) are pro- 
vided. 

[0241] In Embodiment 23, passage of electrons can 
be prevented by setting the thickness of the metal layer 

7 to be larger than the mean free path of the electrons 
10 drifting through the drift portion 6a. For a material of the 

metal layer 1 8, for example, gold may be used. With the 
gold being used, the resistance of the metal layer 1 8 can 
be reduced, and concurrently, a high property of adhe- 
sion between the surface electrode 7 and the bus eiec- 

15 trode 25 can be implemented. The metal layer 1 8 forms 
an electron-emission restraining portion that restrains 
electrons from being emitted through a peripheral por- 
tion of the drift portion 6a on the drift layer 6. In this par- 
ticular case, while the gold is used for the material of the 

20 metal layer 1 8, the material of the metal layer 18 is not 
limited to the gold. 

[0242] In the electron source 10 of Embodiment 23, 
as in the conventional electron source 1 0" shown in Fig. 
54, the drift portions 6a of the drift layer 6 are sand- 

25 wiched between the plurality of wirings 8a and the plu- 
rality of the surface electrodes 7. As such, when an as- 
sociated set of the bus electrode 25 and the wiring 8a 
is appropriately selected, and voltage is applied to the 
selected set, a strong field is applied only to the drift por- 

30 tion 6a positioned below the surface electrode 7 that is 
proximate to a portion corresponding to an intersection 
with the wiring 8a in the selected bus electrode 25 : and 
electrons are thereby emitted. That is, when an associ- 
ated set of the bus electrode 25 and the wiring 8a to 

35 which voltage is applied, electrons can thereby be emit- 
ted from a desired cross point. The voltage to be applied 
between the bus electrode 25 and the lower electrode 

8 is set to a range of from 1 0 to 20 V. Each of the wirings 
8a is formed as a stripe having two end portions in a 

40 longitudinal direction on which pads 27 are individually 
formed. The bus electrode 25 is coupled to the individual 
pads 28 at two ends in the longitudinal direction thereof. 
[0243] The basic performance of the electron source 
10 according to Embodiment 23 is substantially the 

45 same as that of the conventional electron source 
1 0" shown in Figs. 46 and 47; hence, a detailed descrip- 
tion thereof is omitted herefrom. In addition, the set and 
a microstructure of the drift layer 6 (drift portion 6a) are 
substantially the same as in the cases of the conven- 

50 tional electron sources 10' and 10" (refer to Fig. 45); 
hence, a detailed description thereof is omitted here- 
from. 

[0244] In the electron source 10 of Embodiment 23, 
since the metal layers 18 each covering a vicinity of a 
55 side 6c along the longitudinal direction of the bus elec- 
trode 25 are provided, by setting the thickness of the 
metal layer 18 to be larger than the mean free path of 
the electrons, electrons can be prevented from being 
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emitted through a portion positioned below the metal 
layer 18 in a peripheral portion of the drift portion 6a. 
Consequently, when the electron source is adapted in a 
display, occurrence of bleeding can be prevented, and 
a high-precision display can be implemented. In addi- 
tion, the electron source enables occurrence of cross- 
talk in which, for example, electrons is emitted through 
a portion between the adjacent drift portions 6a, to be 
prevented. In the electron source 1 0 of Embodiment 23, 
as in the conventional electron source 10\ the depend- 
ency to the degree of vacuum as an electron emission 
property is reduced. Concurrently, no popping phenom- 
enon occurs during electron emission, and hence elec- 
trons can stably be emitted at high electron emission 
efficiency. 

(EMBODIMENT 24) 

[0245] Hereinbelow, Embodiment 24 of the present 
invention will be described. 

[0246] As shown in Figs. 35 and 36, while the basic 
configuration of an electron source 10 according to Em- 
bodiment 24 is substantially the same as that of the elec- 
tron source 10 shown in Fig. 23, it is different in that a 
metal layer 1 8 covers the entire peripheral portion of the 
drift portion 6a. Specifically, in Embodiment 24, the met- 
al layer 18 is formed as a rectangular frame in such a 
manner as to cover all the vicinities of sides 6c and 6c, 
which each extend parallel to the bus electrode 25, and 
sides 6d and 6d, which each extend perpendicular to 
the bus electrode 25. The metal layer 18 forms an elec- 
tron-emission restraining portion that restrains electrons 
from being emitted through a peripheral portion of the 
drift portion 6a on the drift layer 6. Other portions are 
the same as those in Embodiment 23; hence, descrip- 
tions thereof are omitted herefrom. 
[0247] Thus, as in the electron source 10 of Embodi- 
ment 23, in the electron source 10 of Embodiment 24, 
by setting the thickness of the metal layer 1 8 to be larger 
than the mean free path of the electrons, electrons can 
be prevented from being emitted through a portion po- 
sitioned below the metal layer 1 8 in a peripheral portion 
of the drift portion 6a. Consequently, when the electron 
source is used in a display, occurrence of bleeding can 
be prevented, and a high-precision display can be im- 
plemented. In the electron source 1 0 of Embodiment 24, 
since field emission can be prevented in the overall pe- 
ripheral portion of the drift portion 6a, in comparison to 
Embodiment 23, a higher-precision display can be im- 
plemented. In a display using the electron source 10 of 
Embodiment 23, when the pixel size is reduced to fur- 
ther improve the precision, because of influences of 
electrons emitted from two sides of the drift portion 6a 
in the direction along which the wirings 8a are arranged, 
bleeding develops to an extent that cannot be ignored. 
However, in the electron source 10 of Embodiment 24, 
since th metal layer 18 also covers vicinities of the 
sides 6d of the drift portion 6a, which each extend along 



the longitudinal direction of the wiring 8a, electrons 
emission from two end portions of the drift portion 6a in 
the direction along which the wirings 8a are arranged 
can be prevented, and the display precision can be im- 
5 proved even higher. 

(EMBODIMENT 25) 

[0248] Hereinbelow, Embodiment 25 of the present 

10 invention will be described. 

[0249] As shown in Figs. 37 and 38, while the basic 
configuration of an electron source 1 0 according to Em- 
bodiment 25 is substantially the same as that of the elec- 
tron source 1 0 shown in Fig. 23, it is different in that the 

15 bus electrode 25 is formed to have portions that each 
overlap with the side 6c of the drift portion 6a, which 
extends in the longitudinal direction of the bus electrode 
25, and an end portion of the surface electrode 7. In Em- 
bodiment 25, while the metal layer 18 in Embodiment 

20 23 (refer to Fig. 32) is not provided, the electron-emis- 
sion restraining portion in Embodiment 23 is formed of 
the portion of the bus electrode 25. Since the bus elec- 
trode 25 does not need to transmit electrons, the thick- 
ness thereof can be set larger than the mean free path 

25 of electrons that drift through the drift portion 6a. Other 
portions are the same as those in Embodiment 23; 
hence, descriptions thereof are omitted herefrom. 
[0250] Thus, in the electron source 10 of Embodiment 
25, since the electron-emission restraining portion is. 

30 formed of the portion of the bus electrode 25, by setting 
the thickness of the bus electrode 25 to be larger than 
the mean free path of the electrons, electrons can be 
prevented from being emitted because of the bus elec- 
trode 25 through a peripheral portion of the drift portion 

35 6a. Consequently, when the electron source is used in 
a display, occurrence of bleeding can be prevented, and 
a high-precision display can be implemented. In com- 
parison to the electron source 10 of Embodiment 24 in 
which the lower electrodes 8 are provided, in the elec- 

40 tron source 10 of Embodiment 25, no portion overlap- 
ping with the metal layer 1 8 is required. Consequently, 
the field emission areas of the individual surface elec- 
trodes 7 are maintained equal, the dimensions of the 
surface electrode 7 can be reduced, and the pixel size 

45 can thereby be reduced. 

(EMBODIMENT 26) 

[0251] Hereinbelow, Embodiment 26 of the present 

so invention will be described. 

[0252] As shown in Fig. 39 : an electron source 1 0 ac- 
cording to Embodiment 26 includes a dielectric sub- 
strate 1 1 made of a glass substrate; a plurality of wirings 
8a that are made of an elect rocon duct ive layer (for ex- 

55 ample, a metal film, such as a chrome, or an ITO film) 
and that are arranged on a main surface of the dielectric 
substrate 11 ; a drift layer 6 composed of a plurality of 
drift portions 6a formed of an oxidized porous polycrys- 
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talline silicon layer in such a manner as to overlap with 
the wirings 8a, and isolating portions 6b that are formed 
of a polycrystalline silicon layer and that individually fill 
up spaces between the drift portions 6a; a plurality of 
surface electrodes 7 arranged to oppose the wirings 8a 
via the drift portions 6a in the direction intersecting with 
the wirings 8a and in the direction along which the lower 
electrodes 8 extend; and a plurality of bus electrodes 25 
commonly coupling the plurality of surface electrode 7, 
which are arranged in the direction intersecting with the 
wirings 8a, in units of each row on the drift layer 6. Each 
of the wirings 8a is formed as a stripe having two end 
portions in a longitudinal direction on which pads 27 are 
individually formed. The bus electrode 25 is coupled to 
the individual pads 28 at two ends in the longitudinal 
direction thereof. 

[0253] The surface electrodes 7 are formed of a ma- 
terial (such as gold) having a small work function; and 
the film thickness of the surface electrode 7 is set to a 
range of from 15 to 15 nm. The bus electrodes 25 are 
formed of a material (such as aluminum or copper) that 
has a low resistance and a high processability is em- 
ployed. Since the bus electrode 25 does not need to 
transmit electrons, the film thickness thereof can be in- 
creased in comparison to that of the surface electrode 
7, thereby enabling the resistance to be reduced. The 
dielectric substrate 11 forms the substrate. 
[0254] In the electron source 10 of Embodiment 26, 
as in the conventional electron source 1 0" shown in Fig. 
54, the drift portions 6a of the drift layer 6 are sand- 
wiched between the plurality of wirings 8a and the plu- 
rality of the surface electrodes 7. As such, when an as- 
sociated set of the bus electrode 25 and the wiring 8a 
is appropriately selected, and voltage is applied to the 
selected set, a strong field is applied only to the drift por- 
tion 6a positioned below the surface electrode 7 that is 
proximate to a portion corresponding to an intersection 
with the wiring 8a in the selected bus electrode 25, and 
electrons are thereby emitted. That is, when an associ- 
ated set of the bus electrode 25 and the wiring 8a to 
which voltage is applied, electrons can thereby be emit- 
ted from a desired cross point. The voltage to be applied 
between the bus electrode 25 and the lower electrode 
8 is set to a range of from 1 0 to 20 V. 
[0255] The basic performance of the electron source 
10 according to Embodiment 26 is substantially the 
same as that of the conventional electron source 
1 0" shown in Figs. 46 and 47; hence, a detailed descrip- 
tion thereof is omitted herefrom. In addition, the set and 
a microstructure of the drift layer 6 (drift portion 6a) are 
substantially the same as in the cases of the conven- 
tional electron sources 10* and 10" (refer to Fig. 45); 
hence, a detailed description thereof is omitted here- 
from. 

[0256] In the conventional electron source 1 0" shown 
in Fig. 54, the drift portions 6a are arranged in the direc- 
tion along which the wirings 8a extend, and the isolating 
portions 6b are interposed between the adjacent drift 



portions 6a. In comparison to the above, the electron 
source 1 0 of Embodiment 26 is characterized in that the 
drift portions 6a are continually formed in the direction 
along which the lower electrodes 8a extend. In specific, 

5 the drift portion 6a formed to overlap with the wiring 8a 
is disposed to extend in the direction along which the 
wiring 8a extends, and the adjacent wirings 8a the' ad- 
jacent drift portions 6a are isolated by the isolating por- 
tion 6b in the direction intersecting with the wiring 8a. 

10 [0257] In Embodiment 26, since the drift portion 6a is 
continually formed in the direction along which the wiring 
8a extends, the distance between the surface elec- 
trodes 7 that are arranged adjacent to each other in the 
direction along which the wiring 8a extends can be re- 

15 duced, as shown in Fig. 40, in comparison to the case 
where the drift portions 6a and the isolating portions 6b 
are alternately formed as in the conventional electron 
source 1 0" shown in Fig. 54. As such, in comparison to 
a case where the conventional electron source 10" is 

20 used as an electron source in a display, the interpixel 
distance on the side of the faceplate can be reduced, 
and the electron source can be used as an electron 
source in a high-precision display. In addition, as in the 
conventional electron source 10', in the electron source 

25 10 of Embodiment 26, the dependency to the degree of 
vacuum as an electron emission property is reduced. 
Concurrently, no popping phenomenon occurs during 
electron emission, and hence electrons can stably be 
emitted at high electron emission efficiency. 

30 

(EMBODIMENT 27) 

[0258] Hereinbelow, Embodiment 27 of the present 
invention will be described. 

35 [0259] As shown in Fig. 41 , while the basic configura- 
tion of an electron source 10 according to Embodiment 
27 is substantially the same as that of the electron 
source 10 of Embodiment 26, it is different in that each 
of the surface electrodes 7 is sandwiched between two 

40 bus electrodes 25 commonly connected to the identical 
pads 28. In specific, in Embodiment 27, each of the sur- 
face electrodes 7 is coupled to the individual bus elec- 
trodes 25 at two ends thereof in the direction (right-left 
direction in Fig. 42) along which the wiring 8a extends. 

45 The thickness of the bus electrode 25 is set larger than 
the mean free path of electrons. Other aspects are the 
same as those in Embodiment 26; hence, descriptions 
thereof are omitted herefrom. 

[0260] As in Embodiment 26, in Embodiment 27, the 
50 drift portion 6a is continually formed in the direction 
along which the wiring 8a extends. As such, the distance 
between the surface electrodes 7 that are arranged ad- 
jacent to each other in the direction along which the wir- 
ing 8a extends can be reduced, as shown in Fig. 42, in 
55 comparison to, for example, the conventional electron 
source 10" shown in Fig. 54, in which the drift portions 
6a and the isolating portions 6b are alternately formed. 
As such, in comparison to a case where the convention- 
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al electron source 10" is used as an electron source in 
a display, the interpixel distance on the side of the face- 
plate can be reduced, and the electron source can be 
used as an electron source in a high-precision display. 
In addition, electrons can be prevented from being emit- 
ted through the drift portion 6a positioned below the bus 
electrode 25, and the area in a portion through which 
electrons are emitted can be prevented from being larg- 
er than the surface area of the surface electrode 7. 
[0261 ] For the electroconductive layer, Embodiments 
20 to 27 use the substrate formed such that the lower 
electrodes 8 are formed on the side of one surface of 
the dielectric substrate 11 made of the glass substrate. 
However, a metal substrate made of, for example, 
chrome, may be used for the electroconductive sub- 
strate. Alternatively, a semiconductor substrate (such as 
an n-type silicon substrate of which the resistivity is rel- 
atively close to the conductor resistivity, or a p-type sil- 
icon substrate on which an n-type region is formed as 
an electroconductive layer on the side of one surface) 
may be used. For the dielectric substrate 11 , a ceramic 
substrate may be used instead of the glass substrate. 
[0262] In Embodiments 20 to 27, gold is for the mate- 
rial of the surface electrode 7. However, the material of 
the surface electrode 7 is not limited to gold; and, for 
example, aluminum, chrome, tungsten, nickel, or plati- 
num, may be used. Moreover, the surface electrode 7 
may be formed of at least two thin-film layers laminated 
in the thickness direction. When forming the surface 
electrode 7 of two thin-film layers, for example, gold may 
be used as a material of the upper thin-film layer; and, 
for example, chrome, nickel, platinum, titanium, or irid- 
ium, may be used as an material of the lower thin-film 
layer (thin-film layer on the side of the strong field drift 
layer 6). 

[0263] In Embodiments 20 to 27, the drift portion 6a 
of the drift layer 6 is formed of an oxidized porous poly- 
crystalline silicon layer. However, the drift portion 6a 
may be formed of a nitrided or oxidized porous polycrys- 
talline silicon layer. Alternatively, the drift portion 6a may 
be formed of an oxidized or nitrided porous semicon- 
ductor layer, which is different from the porous polycrys- 
talline silicon layer. When the drift portion 6a is formed 
of a nitrided porous polycrystalline silicon layer, a silicon 
nitride film is formed for either the silicon oxide film 52 
or 64 shown in the Fig. 45. When the drift portion 6a is 
formed of an oxynitrided porous polycrystalline silicon 
layer, a silicon oxynitride film is formed for either the sil- 
icon oxide film 52 or 64 shown in the Fig. 45. 
[0264] For the deposition and formation of the p-!ayer 
and the n-layer, any one of the above-described embod- 
iments may use a method of, for cxamplc : doping in the 
deposition, ion injection into an i-layer. impurity diffusion 
into an i-layer, crystallization through heating of p- and 
n-amolphous-layer, ion injection into an i-amolphous 
layer and crystallization through heating, or doping of a 
semiconductor substrate with impurities. 
[0265] In each of the above-described embodiments, 



the direct-current voltages Vps and Vc are applied to the 
electron source 1 0. However, even with alternating-cur- 
rent voltages being applied thereto, when the collector 
electrode and the surface electrode are set to be anodic 
5 with respect to the lower electrode, electrons can of 
course be emitted. 

[0266] As above, while the present invention has 
been described with reference to the specific embodi- 
ments, it should be apparent to those skilled in the art 
10 that many other modified examples and corrected ex- 
amples can be implemented. Hence, it is to be under- 
stood that the present invention should not be limited to 
the above-described embodiments, and should be de- 
termined with reference to the appended claims. 

15 

INDUSTRIAL APPLICABILITY 

[0267] As described above, the field emission-type 
electron source of the present invention is effective for 
20 reducing the power consumption without reducing the 
per-unit-area field emission area, and is suitable for us- 
ing as an electron source for, for example, a flat optical 
source, a flat display device, or a solid-state vacuum de- 
vice. 

25 

Claims 

1 . A field emission-type electron source comprising a 
30 substrate, an electroconductive layer formed on a 

surface of said substrate, a semiconductor layer 
formed on said electroconductive layer, a strong 
field drift layer having a drift portion that is made of 
an oxidized or nitrided porous semiconductor layer 

35 and that is formed on the side of the surface of said 
semiconductor layer, and a surface electrode 
formed on said strong field drift layer, wherein when 
voltage is applied to cause said surface electrode 
to be anodic with respect to said electroconductive 

40 layer, electrons injected from said electroconduc- 
tive layer to said strong field drift layer drift through 
said strong field drift layer, and are emitted through 
said surface electrode; wherein 

a current restraining member for restraining a 

45 current which does not contribute for emission of a 
current flowing through said drift portion, is provided 
in at least one of said electroconductive layer, said 
surface electrode, a portion between said electro- 
conductive layer and said drift portion, and a portion 

so between said surface electrode and said drift por- 
tion. 

2. The field emission-type electron source according 
to claim 1 , wherein said current restraining member 

55 is a leakage-current preventing member for pre- 
venting a current from leaking into said surface 
electrode from said electroconductive layer, there- 
by reducing the amount of power consumption. 
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3. The field emission-type electron source according 
to claim 2, wherein said leakage-current preventing 
member is a semiconductor layer having a pn junc- 
tion. 

4. The field emission-type electron source according 
to claim 2, wherein said leakage-current preventing 
member is a semiconductor layer having an n-layer 
on the side of said electroconductive layer and a p- 
layer on the side of said surface electrode. 

5. The field emission-type electron source according 
to claim 2, wherein said leakage-current preventing 
member is a semiconductor layer having an n-layer 
on the side of said electroconductive layer and a p- 
layer on the side of said surface electrode, and a 
low-concentration semiconductor layer is formed 
between said p-layer and said drift portion. 

6. The field emission-type electron source according 
to claim 2, wherein said substrate is a semiconduc- 
tor substrate, and said electroconductive layer com- 
prises an n-layer on the side of said substrate and 
a p-layer on the side of said surface electrode. 

7. The field emission-type electron source according 
to claim 4, wherein an i-layer is provided between 
said p-layer and said n-layer. 

8. The field emission-type electron source according 
to claim 2, wherein said surface electrode is formed 
of a material to be coupled with a Schottky junction 
to said drift portion. 

9. The field emission-type electron source according 
to claim 2, wherein a low-concentration semicon- 
ductor layer is provided between said electrocon- 
ductive layer and said drift portion, and said elec- 
troconductive layer is formed of a material to be 
coupled with a Schottky junction to said low-con- 
centration semiconductor layer. 

10. The field emission-type electron source according 
to claim 1 , wherein 

said strong field drift layer is provided with an 
isolating portion for isolating the drift portions ar- 
ranged adjacent to each other; and 

said current restraining member is a field 
moderating member for reducing the field intensity 
in a vicinity of a boundary to said isolating portion 
in said drift portion to be lowerthan thefield intensity 
in a central portion of said drift portion to thereby 
reduce power consumption. 

11. The field emission-type electron source according 
to claim 10, wherein said field moderating member 
is an insulator film interposed between said drift por- 
tion and said surface electrode in a position corre- 



sponding to the vicinity of the boundary. 

12. The field emission-type electron source according 
to claim 10, wherein said field moderating member 

5 is an insulator film disposed on said electroconduc- 
tive layer in a position corresponding to the vicinity 
of the boundary. 

13. The field emission-type electron source according 
10 to claim 10, wherein said field moderating member 

is formed of a high resistance layer in a position cor- 
responding to the vicinity of the boundary, and a low 
resistance layer interposed between said drift por- 
tion and said electroconductive layer in a position 
15 corresponding to a central portion of said drift por- 
tion. 

14. The field emission-type electron source according 
to claim 10, wherein said field moderating member 

20 is a cutout portion formed in said surface electrode 
in a position corresponding to the vicinity of the 
boundary. 

15. The field emission-type electron source according 
25 to claim 10, wherein said field moderating member 

is a cutout portion formed in said electroconductive 
layer in a position corresponding to the vicinity of 
the boundary. 

30 16. The field emission-type electron source according 
to claim 1 , wherein said current restraining member 
is afield moderating layer that is disposed between 
said strong field drift layer and said surface elec- 
trode and that reduces the field intensity of said 

35 strong field drift layer to thereby reduce power con- 
sumption. 

17. The field emission-type electron source according 
to claim 16, wherein said field moderating member 

40 is one of a silicon nitride film and a multilayer film 
comprising a silicon nitride film. 

18. The field emission-type electron source according 
to claim 16, wherein said field moderating member 

45 is formed of a silicon nitride film and an silicon oxide 
film disposed on the silicon nitride film. 

19. The field emission-type electron source according 
to claim 16, wherein said field moderating member 

so is formed of a silicon oxide film, a silicon nitride film 
disposed on the silicon oxide film, and another sili- 
con oxide film formed on the silicon nitride film. 

20. The field emission-type electron source according 
55 to claim 16, wherein said field moderating member 

is formed of a material having a high property of ad- 
hesion to said surface electrode. 
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21. The field emission-type electron source according 
to claim 20, wherein the material having the high 
property of adhesion is a chrome oxide film. 

22. The field emission-type electron source according 
to claim 1 6, wherein a resistance value of said field 
moderating member is on the same order of a re- 
sistance value of said strong field drift layer. 

23. The field emission-type electron source according 
to claim 1 , further comprising a bus electrode com- 
monly coupling a plurality of the surface electrodes, 
wherein said current restraining member is an over- 
current protection element for limiting a current 
flowing between said surface electrode and said 
bus electrode to thereby reduce power consump- 
tion. 

24. The field emission-type electron source according 
to claim 23, wherein said overcurrent protection el- 
ement is a member that causes disconnection when 
an overcurrent flows between said surface elec- 
trode and said bus electrode. 

25. The field emission-type electron source according 
to claim 23, wherein said overcurrent protection el- 
ement is a high resistance layer disposed between 
said surface electrode and said bus electrode. 

26. The field emission-type electron source according 
to claim 23, wherein said overcurrent protection el- 
ement is a thermo-sensitive layer that is disposed 
between said surface electrode and said bus elec- 
trode and that has a positive resistance tempera- 
ture coefficient. 

27. The field emission-type electron source according 
to claim 1 , wherein said current restraining member 
is an electron-emission restraining member for re- 
straining electron emission from a peripheral por- 
tion of said drift portion to thereby reduce power 
consumption. 

28. The field emission-type electron source according 
to claim 27, wherein said current restraining mem- 
ber is a metal layer. 

29. The field emission-type electron source according 
to claim 28, wherein said metal layer is disposed 
around said drift portion. 

30. The field emission-type electron source according 
to claim 28, further comprising a bus electrode com- 
monly connecting a plurality of the surface elec- 
trode, wherein a portion of said bus electrode is con- 
currently used as the metal layer. 

31. The field emission-type electron source according 



to claim 27, furthercomprising a bus electrode com- 
monly connecting a plurality of the surface elec- 
trode, wherein said bus electrode is disposed on 
two sides of a pixel. 
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